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TiiE follomng pages aie the oatlinea ot lectmea givBti at 
Gny'a HoapitaJ during the last ten je&rs, with additioiiH whioh 
each year has made necessary. The Diagrams and the Tables 
in the Appendix are also part of what have been used ia the 
aame ConrHe. 

In following the example of the late Dr. Alfred Swajne Taylor 
—one of the best lectnrors I ever heard— at Gnj's, and of Dr. 
Bnrdon Sauderaoa at University College, I have endeavonrod 
to make the syllahas nsefnl to stndente, as a help in their 
Bystemiitic reading and seU-examinatiou ; and also to those who 
have passed the earlier stages of studentship, in recalling the 
more important onthnes of the " Institutes of Medicine." I 
have also, I trust successfully, endeavoured to make it useless 
to any one who may try, " for the purpose of examination," 
to snbstitote hasty and Hi-digested reading for slowly and 
practically acquired knowledge. 

In case anj fellow -lecturer on Physiology should glance at 
these pages, I may perhaps add that increasing experience in 
tea«hiug has led me to dimiuish every year the number of facta 
taught, and to spend more and more time in the full explana- 
tion and repeated statement of those which ore most essential. 

Eesulta of analysis, and other numerical statements, are best 
given in tables hung up to bo copied. Moat experimenta are 
best performed by, or in presence of, a limited number of 
students in laboratory classes, such as I have held every 
summer sossiou. But in every course of lectures on physiology 
there should find place some few fundamental experiments^ 
such as demonstration of digestive processes, of Blood-pressure 
and the action of the Heart, of the nervous regulation of the Cir- 
culation and Respiration, and of the simpler functions of Muscle 
and Nerve. Easily seen demon strationa of a few of the most 
important physical and chemical properties of the organs are 
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LECTURES OK PHYSIOLOGY. 



IXTIIODUCTOKY. 

PjivsiOLOGV : " The Science of the PunctionB of Living 
CreatLtres " (see Note i ia Appendix for the origin and use of 
the word), 

licience : Knowledge ; exact iinowledge ; measurable 
knowledge. Natural Science, Natural History and Civil 
Hiatory, Natnral History and Nalurul Philosophy, " De- 
scriptive " and . " Rational " Sciences. Observation and 
experiment. Facta and events. Seqiience of events. 
Causal relation of events. 

Classification of the Natural Sciences (see Note 2 in 
Appendix). Comtc's ; Spencer's ; relation of Physiology 
to Anatomy (structure and function), to Chemistry and 
Physics (physical and vital actions). 

FiiMCtion : action; movement; duty; use. 

The utility of " organs " or instruments ; what each , 
does; how it does it; how organs and functions have been 
reciprocally developed. 

Lining beings : Life, a popular, not a scientific term ; 
ambiguous ; " the condition of organized creatures," or, 
" the supposed cause of this condition." Living things 
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organized ; organisms ; distinctive characters of organic 
inorganic bodies (see Table in Appendix, No. 3). 

Human Physidogy : its relation to general Biology, to 
Vegetable and " Comparative " Animal Physiology ; distinc- 
tive characters of animal and vegetable organisms (see 
Table 4). Distinctions between man and lower animals 
(*•!« S). 

Normal Phymology : its relation to pathology or morbid 
physiology ; Health and Disease, popular, not scientific, terras. 
{Note 6). 

General Human Physioloijy : its relation to the actual 
physiology (and pathology) o£ each individual; to the phy- 
aiology of sex ; of infancy, youth and age ; of race and 
occupation. The ideal physiological man. 

Material Pkyiiohgy : its relation to Psychology. Cou- 
Bciousneas; body and mind ; limitation of physiology as a 
natural science. 

The study of the BoniLr fukctions of healthy human 

Relation 0/ Physiology to Medicine: the Institutes of 
Medicine. Pathology, or the study of the bodily functiona 
under injury or disturbance. A corresponding knowledge 
of the functions under the action of drugs and other remedies 
would laalte a complete scientilic basis for Iho practice of 
medicine. 

Methods of Physiology : Observation and experiment — i.e., 
observation under purposely varied conditions. 

Direct ohsen'ation — e.g., of movements of glottis in speech 
by laryngoscope ; of storaach during digestion, by a fistula ; 
of mammalian heart exposed during artificial respiration ; of 
muscle of frog after removal from body. 

Experiments upon man or animals by varying food, 
exercise, temperature, it c. — e.g., excretion of urea. Accidental 
experiments made on man by injury or by disease. Designed 
experiments on the lower animals involving injury. Im- 
portance of direct f.xperiments on man when practicable and 
hannleas {Note 7). Difficulties of interpreting the experi- 
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ments made by dieease. So-called vivisection ; its necessity 
and justification ; ita safeguards and limits. 

Life and VHal Force: Mutual dependence of structure 
and function. E.g., movement performed by a rauscio; muscular 
tisBue produced by growth, nutrition, differentiation. Power 
of growth and movement dependent on tlie propertiea of 
protoplasm ; this derived from preceding living parent. Omne 
vivum ex ovo ; seeds and eggs; equivocal generation; Eedi; 
modern experiments. 

Origin of living protoplasm and of vital fiinotiona as 
unknown (and probably unknowable) aa the origin (or mode 
of creation) of matter and of force. 

"Explaining" phenomena means referring tliem to already 
known causea. 

In this sense vilal force is now explained. It ia tlie 
chemical force of attraction which, keeps together the 
elementa of food. This latent energy becomes kinetic uader 
suitable stimuli, in the forma of mechanical movement (of 
muaclea, cilia, ic.) and of heat (vita! warmth) ; with less 
important transformations into electro-motive energy {e.g., 
Gi/mnotue) or radiant light {e.g., N^octiluca). 

Correlation of forcea; conservation of energy (iVofe S). 

Animals derive their " vital force " from plants : plants 
theira from the rays of the ami ; chlorophyll ; fixation of 
carbon. Animals expend the stored energy of food in move- 
ment. Plants also expend energy in growth, reproduction, 
and, to a limited extent, in heat and in motion, e.g., cilia, 
Mimosa pudica, slow geotropic movements ; but their chief 
function ia storing food and energy, making starch from 
carbonic dioxide and water, and converting kinetic solar 
energy into latent chemical energy. 

Hence the chemical differences between animals and 
plants ; the leaves and roots of the one kingdom, the 
stomachs of the other; and the presence of special instru- 
ments of movement in animals alone. fSee Table 4.) 

In both kingdoms the living functions may be grouped as 
follows : — 



4 LECTURES ON PHYSIOLOGY. 

1. Nutritive, including growth, assimilation, decay, and 
death. 

2, Reproductive: formation of buds, ova, sperm-cell; fer- 
tilization, and detachment of the new organism. 

. Functions oj relation by which the organism is acted on 
by surrounding objects and reacts upon them. Irritability ; 
manifested in sensation and in movement. 

The two former kinds of activity are as much developed 
in plants as in animals, and may therefore be called ^* vegeta- 
tive '" the last is distinctively (though not exclusively) " animal." 
The first and last are for the maintenance of the individual ; 
the second is for the maintenance of the race. The first is 
storing of matter and of energy ; the latter two are the ex- 
pending functions. 



THE GENERAL CONSTRUCTION OP THE BODY. 

All animal and vegetable structures made of cells and 
their products. 

Cdl (corpuscle, plaatid) — original meaning; the vegetable 
vesicle of Grew, the cell of Schleiden, the animal cell of 
Schwann: " cell- wall, cell-contents, nucleus;" solid cells, 
naked cells. Proloplasin { Voa Mohl, EeicherC, Max Scbultze), 
structureless, granular, reticulated ; albuminous, with water 
and salts, particularly phoaphatea : power of growth, nutrition, 
irritability, movement, reproduction. 

Dff. CeU : a minute mass of nucleated living protoplasta. 

Origin of all the tissues from the germ-cell or ovum ; the 
morula or mass of segmentation cells ; the hollow blastoderm ; 
its three layers, upper, lower, and mid-most, called epi-, 
hypo-, and meso-blast, or ecto-, endo-, and meso-derm. 

Comparison of this development of the organism from the 
ovum (Ontogeny) with the evolution of the more complex 
from the simplest organisms (Phylogeny), 

The uni-cellular Protozoa, Colonies; mouth; Gaatreea; 
blastopore ; differentiation from one into two Layers {endo- 
and ecto-derm) by dilamination, by Inwiglnation ; formation 
of body cavity (ccelom) and mesoderm in Ccelenterata ; forma- 
tion of anus. Elongated form ; sense organs ; liead ; move- 
ment ; bilateral aymmetry. Segmentation ; somites ; serial 
symmetry, in worms, insects, vertebrates. Limbs in sym- 
metrical pairs, limited to two pairs in Vertebrata ; tail, a 
swimming organ; legs, wings, and hands. Dorsal position of 
nervous system in Vertebrata. Fore, mid, and hind gut ; 
primitive symmetry of stomach, liver, heiirt ; vascular arches 
with branchial clefts, and aorta (Xof. 9). Nephridia, 
Wolffian bodies and kidneys. 
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Homology of the vertebrate skeleton. 

Centra ; neural arches ; visceral or body-arches ; central 
axis ; neural and oral arches of skull ; splint bones ; by old 
and branchial skeleton. 

Limbs : shoulder-girdle and pelvis ; distal segments. 

(See Table of Bones with their Homologues. Note lo.) 



THE CHEMICAL CONSTITUTION OF THE BODY. 

Elements. — Organic Chemistry, the chemistry of Carboa 
compounds ; combining powers of carbon. All food whicli 
supplies energy consists ofcai'bon-compounda ; all living stuff 
or protoplasm of nitrogenoua carbon -compounds ; hence 
the four most abundant and important elements of the 
animal body are Carbon and Kitro'jan, with Oj-i/ijen and 
llydi-ogen. 

•iidphur and Phoapliorus : partly associated with them in 
living tissues, partly forming metallic sulphates and phoB- 
pk.tes. 

Chlorine and Fluoriiie, forming salts with metals. These 
metals all alkaline — viz., Sodium and Potussium, Calcium 
and Maijnesium. 

Lastly, Iron, found only in htemoglobin and its derivatives. 
(See TnbU ii.) 

Proximate Peikciples, — A. Inorganic, mineral : water 
and salts. £. Organic, non- nitrogenous : carbohydrates and 
fatty compounds. C, Organic, nitrogenous : proteids and 
crystalline bodies (Tabk 12). 

I. WAiEn. — More than two-thirds of the whole weight, about 
three-fourths o£ the soft tissues, four-fifths and upwards of 
the liquids, and only about one-tenth of the skeleton. Un- 
changed chemically in its passage through the body. Its 
solvent and difusive power; relation to heat; necessity to the 
colloid condition. 

II, Salts, — Soda salts characteristic of animal, as potash of 
vegetable, tissues ; NaCl more abundant in the liquids, K and 
phosphates more abundant in the tissues than the liquids, 
earthy salts more abundant in tlie hard parts. 

NaCl; Na,?0,; Na,UPO. ; NaH,PO, ; Na,So.; Na.CO,; 
with corresponding suits of Iv. 

Cb,2P0, ; CaCOj,; CaF., with corresponding salts of Mg. 
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None changed in passage tlirough body except from acid 
to neutral or alkaline or tlie reyerse. 

Mechanical function in the bonea and teeth ; solvent and 
diffusive power of cryatalline salts and of alkalies ia the 
liquids ; conatant and probably essential presence cf salts, 
especially pBosphatea, in protoplasm. 

in. OARBOnYDitATES ; C„(HjO)n. — Connection through 
mannite with the group of polyatomic alcohols, aldehydes and 
ethers. Guni,lignin andcelltiloae, starch (granuloae), and sugars 
(^Table. 13). Importance in food; scanty and transitional 
presence in products of digestion and in the tissues ; cellulose 
in Tnnicata ; starch granules ingreea Hydra ; diabetic sugar 
(Willis, 1660); animal starch or glycogen (Claude Bernard, 
i860). 

G/t/cofffn, C,H|„0|.: properties, mode of preparation, pre- 
sence in liver, muscles, blood, leucocytes, placenta, and ftBtal 
tissues generally. 

Glyeose, C,H„0„ and inaUo»i', Cj,H^O„, products of 
digestion of starchy food ; present in traces in normiil blood 
and probably in urine. 

Lactoff, Cj,HjjO,j, presence in milk. 

Inomt, C,H^jO, (Scherer), in muscles of heart and elsewhere. 

IV. IItdrocardons. — Less oxidized than starches; iailani- 
mablej high degree of latent energy. Fats solid, and oils 
liquid, at ordinary temperatures. Animal and vegetable 
oils. AU glyceridea of fatty acids ; one, two, or three of 
the movable Il-atoms in the triatomic alcohol, propy!- 
glycerine C,H/" (OH), being replaced by the radical of a 
fatty acid (Chevreuil, Berthelot). The fats of the human 
body (beside traces of glycerides of other fatty acids, as 
butyric and captoic in milk and sebum) : tripalmitin, 
triateariu, triolein; compounds of glycerine with the 16th 
and 18th of the acetic or " fatty " acid series (C^jH^^O, and 
C,,H„OJ, and with the i8th of the acrylic acid series 
(0 ,U,,0,). 

Refracting power ; colour ; relation to water, alcohol, ether ; 
fusibility, saponificalion. Occur, in the proportion palini- 
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tin, stearin, olein, in the cells of adipose tissue and yellow 

ind of the Uvor ; in chyle, in blood, in the 

secretions of the mammary and sebaceous glands ; and, in 

combination with phosphoric acid and neurinj as lecithin in 

es, bile, and blood corpuscles. 

V. Photeids, or albnniinoua group t Corap. C above half by 
weight, H about 7 per cent., O about 21, S 'S to 1-5, N the 
remainder ; constantly associated with ^vater and with salts, 
some portion of which (especially of the phosphates) ia 
inseparable ; colloid (crystalline forms ; of vegetable proteida, 
as aleurone-granules, of albumen (?) in minute hexagonal 
crystals, of htemoglobin), n on -diffusible (except peptonea) ; 
soluble in water, or saline, or alkaline solutions; insoluble in ^ 
alcohol and ether. 

The three proteid colour tests: xanthoproteic with IINO^ 
and a caustic alltali, violet with copper, mulberry pink with 
Milton's mercurial reagent. 

Decomposition into COj and H,0, and ammoniacal com- 
pounds as leuein, tyrosin, aspartic and glutamic acids ; 
existence in a soluble and a coagulable form; Itevogyrate; 
insoluble compounds with tannic acid and salts of mercury 
and other heavy metals. 

Albumins. Soluble in distilled water ; coagulable at 70° C. : 
also by strong mineral acids and by picric, tannic, and nascent 
ferrocyanic acid. Varieties in serum, "serum-albumins," 
coagulating at two or three points; in bird's eggs, "ovalbumin," 
and in vegetable tissues. 

Gloliuliii". Soluble ia saline solutions; coagulable at various 
temperatures ; precipitated by weak acids, as acetic, and by 
CO,, and also by saturation witli neutral suits. The nearest 
approach to the chemical composition of living protoplasm in 
cells. Varieties: crj/nlultin, from the lens ; paraglohuliii from 
serum ; fibrinogen from jilasma ; fibi'in ; myosin from muscle ; 
vitellin from yelk. 

A/Lali-albumin. Derived from all albumins or globulins; 
native in milk (casein) and ia pulse (legumin); absent from 
blood. Acid-albumin a corresponding product with acida. 



Peptones. Digested albumins, globulins, acid or alkali 
albumicE ; most Boluble, least readily precipitated, and least 
indiffusihle of the proteid group. 

VI. Other colloid hiteogekoub cojipocnrs eifferins more 

OR LESS FROM TRUE I'ROTEIDS. 

Mudn. Soluble in alkaline solutions ; imperfect proteid 
reactions; yields leucin and tyrosin. 

Gelatin. Soluble in warm water ; insoluble compounds 
witb tannic acid and perchloride of mercury ; larger per- 
centage of N ; yields leucin and glycin. 

Ghimdrin, Soluble in warm water, precipitated by acetic 
acid; intermediate between mucin and gelatin. 

Eiastin. Ita great power of resisting solvent and decom- 
posing agents. 

Keratin. Its large percentage of sulphur. 

Lai-daeein, pyin, and other pathological products. 

HEMOGLOBIN. Crystalline though non- diffusible ; ita spec- 
trum ; its condition as oxidized and reduced; its natural 
products, hcematoidin, hiliruhin and the yellow pigments; its 
HFtiiicial products, hcunuilin and globin, lutmin, &c. 

Crtstallise HiTROGENous coMPOUsns. — Chemical com- 
position ascertained ; simpler derivatives of the albuminous 
group; eKcreta. 

Tuuj-in (amido-isoth ionic acid) and glycin (amido-acetic 
acid) combined with cholic acid and sodium in bile. 

Leucin (amido-caproic acid) and tyrosin (oxyphenjl-amido- 
propionic acid) found in the urine in disease. 

Urea (carbamide) the chief solid constituent of the 

Creatin (rational formula unknown, hydrated creatinin) in 
muscle-extract, and creatinin (C.H,N,0) in urine. 

Uric Add (CjH^NjOj) in urine, free in diaeasej normally 
as a soda salt. Xanthin (C^H^N^Oj), occasionally present in 
urine. Hypoxunlhin (CjH,N,0) in muscle extract. 

Cyntin (amido-aulpholactic acid), occasionally present as 
urinary calculus, 

Sippurie acid (benzoyl-^Iycin ; constantly present la 
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combination with K and Na in the urine of men, and more 
abundant in that of purely vegetable feeders. 

Indol (CgHyN) occurs in the intestine, and indican occasion- 
ally, blue indigo very rarely, in the urine. 

Sulphocyanide of j^otassiiim (KCNS) is always present in 
the saliva. 



THE PHYSIOLOGICAL ELEMENTS OF THE BODY 
xVND THEIE FUNCTIONS. 

Elementary tissues ; Classification by Bichat, by Virchow. 

Free Cells, like uni-cellQlar protozoa, in animal liquids : 
Leucocytes, B/ood-dinl's, Ovti, Sjiermutoztxr. Comparison of 
leucocytes to amcebie, of ova to enr.ysted, and of Eperm-cells 
to llngellate, Infusoria, 

Cells coujoined in Colonies — Epitbelia. Classification : 

'(, In one layer or aeveraL 

b. The component cells : Size. Shape : spheroidal (poly- 
hedral), long (prismatic, cylindrical or columnar, conical, 
&<:.), fiat (squamous, tessellated, or pavement epithelium). 
Fudges : hexagonal, wavy, serrated or cogwheel, or " prickle- 
cells." Nucleus : shape, size, situation ; absent in old epi- 
thelium. Protoplasmic network and rods. Yacuoles : 
granules, oil-dropa ; " signetcells." Cilia. 

e. Chemical characters : Globulin, crystallin, keratin, 
mucin, earthy Milts, pigment. 

d. Origin ; From epi-, hypo-, or meso-blast. 

('. Functions : Protective, diminishing friction, absorbeuf, 
motor, refractive, secreting. 

_/'. Pathology. 

Practical recognition of three principal orders of epithe- 
lium : — 

(i) Epithelium (khsm revlncio). 

(2) Epidermis. 

{3) Endothelium; intercellular " cement." 

FLeaembl.ince between (i) and (z) j relation of (3) to the 
following group. 
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Connective Tissues: Cells with an inteicallnlar matrix 
or ground-substance ; all nieso-blastio. 

'I. Fibrous tueiies : Cells fusiform, stellate, flat and ob- 
long, winged, globular and vacuolated ; matrix of ■white or 
yellow fibres, 

Varietiea ; 

WJn'leJibrous and yellow elastic tisane mingled in different 
proportions and arranged in wavy bundles, parallel lines, and 
lamina;, felted or reticular, Kektion to lymphatic spaces and 
to endothelium. Areolar, or connective tissue proper. 

Adipose tissue, with large signet-cells filled with oil: 
lat and yeUow marrow. 

Coi-aeat tissue. 

Neurogliu. 

Gelatinous (myxomatous or redematoua ftetal) C' 



Setifornt (lymphatic or cytogenioj tissue. 

b. Cartikige : Cells oval, in alveoli, loculi, lacuna; or cap- 
sules of the matrix ; matrix various ; yields chondriti. 

Varieties ; 

Embryonic or cellular ; scanty matrix. 

Hyaline or alveolar ; granular or glassy matrix. 

White fibro-cartilage ; few cells, 

Yellow elastic or reticular fibro-cartilage; felted matrix. 

c. Calcified .- 
Varieties : 

Bone : cells oval, stellate ; matrix fibrous, petrified. 
Peculiar arrangement in Haversian Eystoras ; where nutrition 
is from peiiopteum, this arrangement absent and why. 

Dentine or ivory : cells in pulp cavity with processes in 
dentine tubules ; intercelluLu: matrix. 

Note. — Connection of these apparently dissimilar tissues ; 
in essential structure, in chemical products (gelatin, chondtin, 
andmucin), in derivation from mesoblast, in functions (chiefly 
mechanical with important exceptions in adipose and cy togenic 
tissues}, in pathology ; substituted one for the other in de- 
velopment, in comparative anatomy, and in disease and repair. 
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Hig}ier tissues .■ more difFerentiated ; the constituent cells 
no longer obvious ; muscle and nerve. 

MoscLE : consieta of fibres, witb nuclei represeriting cells ; 
yields myosin ; has the power of contraction carried to per- 
fection. 

Unatriated ot " amooth," or " involuntary " muscular 
fibre ; narrow, flattened, pale nucleated fibres, and constituent 
fuaiform muscle-cells ; slow contraction, 

(3. Cardiac fibres : Imperfectly striated, anastomosing, broad 
fibres, resolvable into short, oblong, nucleated musole-cella. 

y. Striated, striped or "voluntary" fibres. Size J by 
^jJtj inch. Transverse, alternate dim and bright striaj, sarco- 
lemma, nuclei, sarcous elements (ot muscle prisms, or muscle 
rods), united by interstitial cement into fibrillte (elements in 
file) and disks (elements in rank) ; Goodfellow's aad Dobie'a 
dark line (Krause'a so-called membrane) dividing bright 
striie ; its interpretation. Appearance with polarized light, 
singly (aniso-tropic), and doubly (iso-tropic) refracting parts ; 
effect of regents ; appearances during contraction and stretch- 
ing ; cause of the striation. 

Fibres bound together by connective tissue (endomyaium) 
into bundles (fasciculi), these surrounded by more connective 
(perimysium), which separates the fasciculi (septa), and invests 
the whole muscle (fibrous sheath or fascia propria). Blood- 
vessels, with oblong meshes, and saccular dilatations ; lym- 
phatics, nerves, interstitial fac, form, with the white and 
yellow connective fibres, the stroma of a muscle. 

Tendons ; Structure ; connection with muscular fibres and 
with bone. 

Pkysicol properties of Uving muscle at rest ; transparent ; 
red with a pigment identical with, or closely allied to, htemo- 
globin ; elastic (very distensible, and recovers almost per- 
fectly; curve of elasticity); alkaline; "natural" electrical 
current. 

Chemical conslituenls : water ; salts, especially K & P ; 
pigment (hcemoglobin), glycogen, myosin ; masde -plasma. 
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Museuhir contrnction : not coagulatiott of myosin or " ino- 
gen ; " comparable to amraboid, ciliary and flagellate motion. 
Phenomena of contraction : the blood-vessels dilate ; eacli 
fibre becomes shorter and broader ; bulk not changed ; more 
distensible ; small amouat of heat evolved ; negative varia- 
tion of current of rest ; chemical changes ; CO^ produced {even 
in N) ; reaction becomes acid, C^HjOj ; alcoholic extractives 
increased ; bruit mnsculaire. 

Method of registering a muscular contraction; the muscle- 
curve ; time of each part ; Intent period ; double stimula- 
tion. Tetanus; its curve. 

Effects of resistance, as raising a weight, oa contraction. 
The source of muscular energy ; means of measuring the 
work done ; degree of contraction in frog's muscle, in human. 
Length, the measure of possible range ; cross-section or 
number of fibres, of possible strength. 

Effect of contraction on hollow cavities {bladder, heart), 
or cylinders (intestine, bronchus, artery), or openings (iris, 
pylorus); effect where both ends are movable (arytienoideua); 
when either is movable (hamstrings) ; when one only is 
movable (facial muscles, masaeter) ; change of direction of 
pull in trochlear muscles (superior oblique, obturator irj- 
ternus) ; composition of forces in penniform and bipenni- 
form muscles, and in muscles with a common insertion 
(quadriceps, iliaco-psoas). 

Muscles always on the stretch, not only from elasticity, but 
also from slight reflex contraction ("tonus"); use of muscles 
as elastic ligaments, capable of tightening when required. 
' Contraction of unstriated muscle; of red and pale striated 

muscles in the rabbit. 
I Death of muscle : Coagulation of myosin ; rigor mortis ; 

I Ita rapidity and duration ; how distinguished from a true 

■ contraction. 

I " 

■ with 

L 



Hkbve. — Consists of ultimate fibres of protoplasm with or 
without sheaths ; function, to conduct stimuli. 

Varietke : □. Fibres with double contour ; medullated or 
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white fibres. Continuous axis (or axia-cy Under) of fibrillated 
protoplasm, surrounded by white sheath of myelin yielding 
ordinary fats, lecithin, cholesteriii, &c., and by an external 
structureless "primitive sheath," the neurilemma; nodes of 
Kanvier, how demonstrated; nuclei; comparison of each 
node with a muscle- fibre -cell. 

j9, Non-meduUated grey fibres of Remak ; axis cylinder 
with nuclei and neurilemma, but no myelin investment ; pro- 
portion to white fibres in olfactory nerves, in aympatbetie 
branches, in optic, and in spinal nerves. 

Fibres bound together by connective tissue (endoneurium) 
into bundles (funiculi), these united togetlier in large 
nerve- trunks by perineurium, which invests the whole 
as a remarkably strong fibrous eheath (formerly called 
"neurileaima"). Scanty blood-vessels, 

Chemicid coTistituents : Water, salts (especially phosphates), 
fatty matter, protagon, lecithin, choleaterin, and globulin. 

Physical properties of tiving nerve : Transparent, single 
contoured (the myelin being uncoagulated) with a " natural 
nerve current," When active — i.e., condncting^the current 
suffers negative variation ; with alight thermal and chemical 



(?)■ 



Effect ( 
gradual hi 
and of the i 



1 conductivity and irritability of moderate and 
ind cold, of moisture and dryness, of exhaustion, 
lassage of a weak continuous galvanic current 
; an- and cat-electrotonus, neutral point). 
Sliinuli to nerve (beside the physiological stimuli) : 
mechanical from end-organs or ganglia ; thermal ; chemical 
(not identical with those of muscle) ; electrical (especially the 
induced current ; different effects of a descending or ascend- 
ing current, of making or breaking the current, of strength 
of the current ; Pflilger's table and his law thence deduced 
(Tahle 14). Greater effect of the momentary induced (or 
faradic) current over the make or break of a primary (or 
galvanic) current. 

Hate ef nerve conduction in motor nerves ; in afferent ; in 
frog, mammalia, man ; infiuence of fatigue, <S:c. 
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Nature of nerve- currant unknijwn ; physical or chemical. 
Proof tliat it is not an electric current. 

Afferent or ceutripatal ; efferent or ccatrifugal ; and com- 
misaural or inCeroentral nerve fibre a. Direction of current 
probably determined by terminal connection (compariaon 
with telegraph wires). 

Peripheral tenranaiiona of verve fibres : (l) In free ex- 
tremities or anastomosing loops or plexnaea, after the axis 
cylinder has lost its mednlkry sheatli and neurilemma, and 
has broken up into its constituent fibrilla — cornea, akin, 
between the epithelial cells. 

(a) In motor end-plates in striated muscle ; DoySre's de- 
aoription in Tardigrade Crustacea, KUhne'a in lizards ; also 
in mammals. 

(3) In Pacinian bodies {Vater, Pacini, Herbet) : in the 
digital nerves, mesentery, corpora cavernosa, &c.j and in 
tendons, tongue, Ac. 

(4) In corpuscnla tactils (Meiaaner), in end-bulbs (Krauae) 
and their mod ideations ; in the cutaneous papillte, the con- 
junctiva, the mucosa of the genital organs, in joints, and in 
the tongue and beak of birds. 

(s) In end-organs of modified epithelium, as the rods and 
cones of the retina, the hair-ceils of the cornea, &c. 

(6) In the secreting epithelium of glands. 

(7) In the electrical organs of the torpedo and gymnotus. 

Ganglia consist of a group of large nucleated cells with 
processes, connected ivith each other and with nerve-fibres, 
and imbedded in a ground substance of neurogha. 

Ganglion cells or nerve corpuscles — size, shape, stellate, 
pyriform, oval, &c. ; peculiarities in the anterior comua of 
the cord, the cerebellar cortex, the ganglia of the posterior 
nerve-roots, the several regions of the cerebral cortex, &o. 
Always with two processes at least. Nucleus, nucleolus, 
granules, sheath. 

Connection with nerve-fibres by an (unbranched) axia- 
cy Under process. 
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Function : reception of stimuli from afferent and origination 
of stimuli to efferent nerves. Power of storing stimuli. Spon- 
taneous or automatic and reflected or re/lex " explosions" of 
ganglion cells. 

Stimuli to ganglia, probably the same physical excitants as 
those of muscle and nerve, but during life either an afferent 
nerve-current (reflex) or chemical change in the afferent 
blood (automatic), or (by an inscrutable connection) the 
mental condition called Will (conscious automatic activity). 

Irritability of ganglia increased by heat, lowered by cold, 
increased by strychnia and diminished by morphia. 

Combination of afferent and efferent nerve and ganglion 
into a reflex system. (Diagr. XV. A.) 

Combination of ganglion with ganglion to check its action — 
Inhibition. (Diagr. XV. F.) 
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These include : the Prehension, Digestion, . 
of food; ita conversion into Blood; the distribution of this 
liquid food, to the tissues by the mechanism of the Circula- 
tion; the Growth of the tissues ; their Oxydation, with the 
Excretion of the resultant products ; the subsidiary processes 
of Secretion by which solvent juices and waste products are 
separated from the lymph ; and Jastly the Nervous mechan- 
isms which regulate and control the above processes. 

The study of the processes of decay and death of the tissues, 
and of the organism, is part of the physiology of Nutrition ; 
but ia for convenience relegated to tlie department of Morbid 
Phymology (Pathology) or the science of the functions ia 
disease. 

Food. 

Inorganic food of plants absorbed from outside by the 
leaves or roots — Carbon from the air, Water from the soil, 
and Nitrogen, with Salta in solution, from the soil. Power 
of decomposing COj under sunlight by the parts contain- 
ing chlorophyll or leaf-green. 

Food of Animah. Organic compounds, with water and salts. 

Uses: (i) to provide and maintain the elements of the 
tissues, i,e., water and salts (Na, K, Ca, Mg and Fe, Vfith 
Chlorides, Phosphates, Sulphates, and a trace of fluorides), the 
Carbon characteristic of all organic compounds, and the Nitro- 
gen characteristic of active and especially of animal tissues. 

(z) to provide energy in the form of oxydisable {i.e., com- 
bustible) compounds of C and H with or without N. 

(3) to stimulate nerves and glands. 



leotuees on physiolooy. 

Geoups of Foodstuffs. 
( I.— Water 



Non-Nitco Organic. 1 IV.— Fata 

^ V. — Nitrogeaotu; (1) Proteids. 

(2) Gelatin, ic ) 

The first of the above objects is fulfilled by I., 11., and T-, 
whiob are therefore called tissue-forming ; the second by 
III., rV., or v., which are mutually replaceable; the third 
by minute quantities of food, chiefly nitrogeuoua, which 
appear to act as drugs, by stitnulatiag to aensatiou and 
BEcretion. Thaae may be called " Adjuvants," and include ; 

(i) Keliahes — e.g., the saToury constituents of meat. 

(2) Condiments — e.g.^ salt, apices, &c, 

(3) Stimulants — e.g., wine, tea, io. 

Result of deprivation of water — of salts — of all uon-nitro- 
genoua organic matter — of either oily or starchy food — of 
oamazome and other " extractives " of meat. 

Effects of cooking— t.e., either dry heat, or heat and 
moisture, or starch 1 on fats : on albumin, myosin, globulin, 
hsemoglobin : on connective tissue and gelatin. 

Prehension : of solids ; of liquids, drinking. 

Digestion. 

The chemical process of rendering food soluble and cgore 
and less difFuaihle. No digestion of water and Baits, which 
pass through the body unchanged, except in the ease of salts 
of vegetable acids, which are excreted as carbonates. 

Comminution, preparatory to solution. 

Gizzards. Stomach-teeth : splanchno-steletou : tooth-like 
Btruoturea inepiderm of certain vertebrates. 

Teeth. — Calcification of niucous membrane covering the 
jaws (priemasillary — maxillary — mandibular, palatal, ptery- 
goid, and pharyngeal teeth) ; enamel or calcified epithelium ; 
dentine (ivory) or calcified corium; pulp or uncalcified 
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remnant ; remeiit (bone) or crusta pctrosa. Dental formula;, 
of placental mammals, of man ; heterodont, diphyodont : 
development of teetli. 

Movements of mandible, of lips, tongue, and cLeeks, 

Three digestive chambers each with its solvent seeretion, 
Mouth, stomach, and duodenum : salivary, gastric and 
pancreatio digestion. (Diagram. I.) 

Saliva. Characters as a mixed product of several glands. 
Eeaction. Mucus, Ptyalin. Sulphocyanide. Phosphates 
("tartar"), EfEeet of an "un-organized" or "chemical" 
je>-ment under conditions of temperature, moisture, &c. 
Amylolytic ferments ; iliaataae, ptyalin. 

Stages of salivary digestion: cellulose and granulose, 
soluble staicL, common or " erylhio "-dextrin, acbroo- 
dextrin, maltose. Time taken. Process stopped at variable 
time after deglutition. 

Deolutition. Action of hps, of tongue, and os lingute or 
Lyoid ; Fauces, ant, and post, pillars and tonsils | Pharynx. 
Elevation of velum, projection of m. m. of pharynx to meet 
it: lateral constriction of palato-pharyngealmiisclea ; function 
of uvula. Bolus in pharynx. Protection of larynx, by 
change of position, by epiglottis, by glottis. Passage of bolus 
into guUet and stomach. 

Gastric digestion. Cardia and pylorus. Movements of 
BtODiach. Glands : mucus and gastric juice. 

Characters ot the secretion : reaction, other acids than 
HCl, origin of acid, place of secretion ; pepsin, conditions of 
ita action. 

Effect on albumin, raw and coagulated, on myosin, on 
fibrin, raw and boiled. Stages of gastric digestion : acid 
albumin, imperfect peptone, complete peptone. Its proteid 
characters ; its extreme solubility, its degree of di (fusibility, 
its negative behaviour to most precipitants of proteids, its 
own precipitants and colour test with copper. Effect of gas- 
tric digestion on connective tissue and gelatin, on adipose 
tissue, on cartilage. Complete indigestibility of horn, elastic 
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Pnasage of food iliroiigh pylorus. Regurgitation. Eumina- 
tian. Vomiting. Post-iuortem digestion of the stomach 
jtselt^ 

PANCniL.A.Tic DIGESTIOK. Pancreatic secretion. Eeaction, 
ferments. 

Stages of digestion. Proteids, alkali -albumin, Peptone, 
Part of this unchanged {''Anti-peptone ''), the re,=t ("Hemi- 
peptone") converted into Leucin and Tyroain. Formation 
of indol and appearance of bacteria, not essential. 

Pancreatic digestion of starch into dextrin and maltose. 

Pancreatic digestion of fatty compounds by a ferment 
("steapsin") which splita them into the fatty acid and glycer- 
ine. Subsequent formation of soap. Small extent uf this 
change during life : its probable significance. Formation of 
Emulsion by pancreatic juice, independent of a ferment. 

Uesult or DIGESTIVE PROCESSES. — Chyme. Water, salts, 
peptones, and partially digested albuminous compounds, 
sugar, and fatty emulsion. 

The residue, dregs, or Fmces : ivater, insoluble salts, indi- 
gestible parts of food, as cellulose and elastin, undigested 
excess of food as starch-grains and muscle-fibres, residue of 
ferments, mucus, and constituents of bile. 

Large amount of water poured into alimentary canal during; 
digestion and re-abaorbcd : the vehicle for solution and 
absorption. Contents less and less liquid in passage through 
intestine. 

Keactiou of contents of mouth and (esophagus, alkaline ; 
of stomach acid ; of duodenum alkaline ; then neutral and 
isces usually acid. 

Absorption. 

Digested food in alimentary canal not " in the body." 
Two channels for its conveyance: (i) by the veins of 
stomach and intestines to the portal vein and liver and 
thence to the heart ; (2) by the lymphatics or absorbents to 
the thoracic duct and so to the heart. 



11. DIAGRAM OF THE INCOMINGS AND OUTGOINGS 
TO AND FBOM THE ALIMENTABY CANAL. 
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Lawa of diffusion throiigli m«mbrunea (Grahu 
(See TaU6 15). 

Extent of surface : length of inteatine, in herbivora and 
carcivora, in tadpole and frog ; vascularity of mucous mem- 
brane ; great size of mesenteric arteries and veins of portal 
system; valvnlte conniventea : villi. By the coronary and 
mesenteric veins; water, salts, sugar, peptones. Gastric 
lymphatics. By the lymphatics of the small intestine : 
%V'ater, aalt^ albuminous matter, and fat. Lymphatics of 

Mode of absorption by villi ; epithelium not shed : oil drops 
pass either into or more probably between columnar cells, and 
BO to lymph spaces of corium of villus. 

Lymph and chyle ; lymphatics and lacteals. Pressure 
from peristalsis : contraction of villus, muacularis mucosa;. 
(Diagram 11.) 

Bloodmakinq. 

Difference between Lymph, Chyle {i.e., lymph during 
digestion), and Blood {Table 16). Water less, exuded to 
moisten tissues ; earthy salts less, stored in. bones : sugar 
reduced to a trace, stored as glycogen in liver, muscles, &c. ; 
oil much leas, stored in cells of adipose tissue ; peptones 
changed rapidly into serum-albumin, paraglobulin, and fibrin- 
ogen ; Oxygen added, from lunga : Carbonic Acid, Urea 
and other waste products taken up from tissues. 

Corpuscles, Leucocytes or Colourless bloodcells. Origin 
ia leuco-eytogenic tissues. Modified retiform connective, 
adenoid, cytogenic or lymjihatic tissue. 

(a) Disuse ; in mucous membranes, esp. of intestine and 
bronchi; in splenic "pulp," in porta! "canals," in red 
marrow of cancellous bone. 

{h) Lymphatic or cytogenic follicles ; solitary, of tongue 
and pharynx, stomach (lenticular) and intestine (glandulse 
solitariie) ecattcred, Malpighian follicles of spleen ; agminated 
in " tonsils " and " Peyer's patches "; collected into a solid 
thymus. 
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(c) Elaborated iDto " Ijnipli-glanda " or l^«>2'l'((ri(i. 

Iiymph corpuscles, young leucocytes: white blood- 
corpuaoles, adult leucocytes ; inflammatory or granulation 
corpuscles, out-wandered or emigrated leucocytes ; pus- 
corpuacles, dead leucocytes, undergoing fatty degeneration. 

Ked corpuschs or blood-disks. Varieties of size and aLape 
am ong Vertebrata. Absence of nucleus in Mammalia, 
Origin from leucocytes, in embryo, in adult ; not nuclei. 
Transition-ibniis in red m.irrow : qu. also formed in spleen 1 
Change of size and shape, loss of nucleus, loss of contractility. 
Stroma (ojcoid) and htemoglobin (zooid). Assumption of 
hiemoglobin. 

Blood. — -Colour. Sp. gr. Eeaotion, Microscopic characters. 
Gasea. Water. Salines: iron. Aqueous, alcoholic, ond 
etherial " extractives." Proteida. 

Coagulation. Not dependent on cooling, rest, or evapora- 
tion; nor on exposure to oxygen, or "vitality," or presence of 
red disks ; but on the assumption of the coagulated ibrm by 
one of the globulin group of proteids. Observations of 
Hewson, Buchanan, Alex. Schmidt, Hammarsteu, and Wool- 
dridge^ Action of serum-globulin (paraglobulin or fibrino- 
plastin) of fibrinogen, of a ferment, of the white corpuscles. 
Small amount of fibrin formed. Stages of coagulation : 
viscid conditioUj solid blood ; contracting clot, serum. In- 
fluence of temperature, movement, contact with foreign 
bodies, dilution. Efiect of neutral saline solutions. Coagula- 
tion under the microscope. Blood kept liquid by cold ; by 
preservation in the heart, or in a vein, or in a smooth glass 
vessel. Coagulation of chyle, lympii, inflammatory exudations, 
colourless blood of invertfebrates. 

Practical bearing of the theory of coagulation on ligature 
of arteries, aneurysm, thrombosiu, embolism. 
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CIRCULATION. 



Functions, Transportation of blood (i.e., of liquid food, 
■water, salts, proteida, sugar and fat) to the living cells of the 
tissues. Also conveyance of oxygen to tiasuea, and of waste 
products thence to excretory organs. Also equalization of 
temperature. 

Apparntus : a closed system of elastic tubes returning into 
itself. Formed of differKUtiatetl mesoblaat ; endothelial 
lining, unstriped muscle and white and yellow fibres. Inter- 
rupted hj a strong contrsctile chamber, provided with valves 
of ingress and egress. (Puimonary circulation postponed.) 

Capillaries, permeable, inelastic (contractile). Ajrteries 
impermea,ble, elastic, contractile. Veins less impermeable, 
less elastic, contractile only in largest trunks and in the 
great terminal sinus or " atrium " or " auricle." Heart 
(ventricle) impermeable, elastic, strongly and rapidly con- 
Hydraulic laws involved {Table 17). 

Blood pressure : how demonstrated. Hales, Poisseuille, 
Ludwig, Fick, Landois, Roy. Greatest in ventricle in 
systole, next in aorta, less in arteries, less in cnpillnries, still 
less in veins, lower atill in auricle, lowest ia ventricle in 
diastole, 

Vflaciti/ of blood : bow measured. Volkmann, Vierordt, 
Ludwig, Chauveau. Greatest in aorta, somewhat lees in 
smaUer arteries, least in capillaries, more and more rapid us 
aggregate calibre of veins diminishes. 

Pulse : relation to intermittent beat of heart, resistance of 
small arteries and capillaries, elasticity of aorta and larger 




Slood pressure tt-acings, sphygraograpbic traoJDgs. Clini- 
cal varieties of pulse. 

The evident forces mkick carry on the circulation : 

(i) Ventricular systole (strength and frequency). 

(2) Auxiliary ; pressure of muscles during contraction 
npon the valvular veins; presanje of air in aspiration of 
thorax ; negative pressure in ventricle during systole, owing 
to its own elasticity. 

Function of muscular coat of arteries to regulate blood- 
pressure, to regulate supply of blood to particular organs, 
inunction of elastic arteries to store part of the energy of the 
ventricular systole and pay it back during diastole. 

Action op the Heart, — Contraction of auricle : its 
strength, frequency, duration, relation to ventricular systole. 
Auricular dilatation and rest. 

Contraction of ventricle ; not a tetanus; its energy ; work 
done by it, how measured ; its frequency {pulsus frequens 
avt rarus) duration {p. celer ant tardus) and regularity. It 
includes (i) preliminary tension or hardening, (a) movement, 
(3) sustained immobility in systole. Diastole : includes 
dilatation (by elasticity of muscular tissue) and rest or 
" pause" in dilated state. 

Mechanism of vfilves of egress : obey pressure passively; 
adaptation of edges ; Junction of sinuses of Valsalva ; 
sudden tension, second sound. Aortic obstructive or direct, 
and leaking or regurgitant murmurs (production of murmurs, 
" fluid veins " ). Mechanism of valve of ingress (mitral) : 
obey pressure passively; mode of shutting; function of 
chordffi tendineiB and musculi papillares. First sound : ten- 
sion of mitral (and tricuspid) curtains and ventricular walls, 
witb the added bruit musculaire of contraction. Murmurs 
from narrowing of orifice (direct or obstructive) ; from leak- 
ing of valve (regurgitant), owing to puckering of its curtains, 
shortening of the chorda, or want of constriction of the 
muscular fibres surrounding the orifice. 

Pulmonary Cieculation. — Essentially like the Systemic, 
Heaistance less; energy less; [orifices rather larger; length 



DIAGRAM OF THE PRINCIPAL NEUVE-CENTBES 
REGULATING THE CIRCULATION. 




CmCULATIOK. 

shorttr; fiictioa less;] walla tkinner. Blood-preaaure 
lower. Velocity slightly less (?). No auxiliary forces. 
Systole, diastole, movements of valves, sounds, all syn- 
chronous on both sides of heart. Valve of ingress Iri- not 
Mcuspid; consequent safety-valve action ; King's " moderator- 
band ; " physiological tricuspid regurgitation. 

Clumge of form of Heart as a whole in systole; apparent 
elongation ; no real locomotion ; Cardiac Impulse. Kota- 
tion, tilting and hardening of heart. Lengthening and un- 
twisting of aorta and pulmonary a,rtery when distended. 
" Recoil" from unopposed exit of blood as in a gun or « 
turbine. 

Sequence of events in a complete cycle of the heart's 
action, {Table 18.) 

Eegulation of tee Circulation by the nervous system. 
Acts only on muscular fibre, (q) of heart, (h) of arteries, 

(o) C'irdiac inneroation: in frog: in;mammals. Intra- 
cardiac ganglia. Rhythmical action : automatic, not reflex. 
(Exceptional rhythmical contraction of non-ganglionic 
part of ventricle.) Pulsation of excised heart. Effects 
of heat, cold, galvanic and faradaio stimulation. Regula- 
tion by cerebro-spinal centres. Vagus ; inhibitory branches. 
Stimulation of R. vagus, of L., of both ; mechanical, 
chemical, electrical, reflex 1 latent period : effect of section of 
vagi: aubsequeut effect on beat of vagus- stimulation. 
Accelerator nerves of heart ; section and stimulation of; 
relation to temperature. 

(4) Vaso-molor nerves. — Cervical sympathetic, splanchnic, 
brachial, sciatic. Effect on bloodvessels, on the parts 
anpplied, on the blood pressure in front and behind con- 
striction, on B.P. elsewhere, on the pulsation of the heart. 

Mutual relation between heart-beat and arterial E.P. and 
between B.P. and heart. Depressor nerves : other sensory 
Capillary c 



nerves. " Vaso-dilator " 
dilatation (?). 

Effects, on heart-beat a 



1 blood pressure : of dividing 



Vagi, of Btimulatiug them ; dividing accelerator nerves, and 
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stimulating them; dividing cervical sympathetics, dividing 
splanchnics, and stimulating them ; stimulating sensory 
nerves ; destruction of vasomotor centres. ' 

Analysis of tracings obtaine.d from cardiograph (Sanderson), 
mercurial manometer in carotid (Ludwig), bags in cavities 
of heart (Chauveau), sphygmograph (Marey). 

Statistics of the circulation. {Table 19.) 



VI. DIAGRAM OF THE PRINCIPAL NERVES WHICH 
REGULATE THE CIRCULATION. 
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Afferent nerves affecting heart by mental emotions. 

arteries „ ,, 

inhibitory centre from skin of face (5tb). 
do. from intestines and solar plexus. 
Inhibitory cardiac fibres of vagus. 
Accelerator cardiac nerves. 
Afferent nerves affecting blood pressure through vaso-motor centre 

in bulb. 
Depressor branch of vagus from heart. 

Vaso-motor branches to cerebral, facial, and glandular vessels. 
Vaso-motor nerves from cord by anterior roots. 
10' 10". Separate vaso-motor nerves to vessels of muscles. 
11. Splanchnic vaso-motor branches. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 

9. 

10. 



To face v<^9* *^« 



VII. DIAGRAM OF THE APPAKATOS OF RESPIRATION. 




EESPIEATION. 



"Use made of tlie liquid food brought to the tiasues by the 
circulation. Need of Oxygen. Chief products CO, and H,0. 

Admiasion of to the blood from tho air, extrusion of 
COj from the blood to the air, external respiration. 

Absorption of from the blood by the living cella, formation 
of CO, and transference to the blood, internal or tissue- 
reepiration. 

Organs of kespibation. General surface: sti'«. Increased 
surface by external processes suitable for breathing air dissolved 
in water ; gills. Increased surface by internal hollow spaces 
snitable for breathing air as gas ; trachem bringing air directly 
to the tissues, lungg bringingairtothebloodasanintermediary. 
Outgrowth from gullet r air-bladder and duct in fishes. 
Lungs of frog, snake, lizard, turtle, birds, and mammals. 
Narea (not mouth), tracheo, bronchi, intra-Iobular air- 
paasages, air-saca (or vesicles or alveoli). Epitheliuni, cilia. 
Endothelium, stomata, lymphatics. Elasticity. Vascularity. 
Muscular fibres of Bronchi. Interlobular connective 

Functions. Vaaaagc of gases (O and COj) between air of 
alveoli and pulmonary capillaries. 

Kenewal of air of alveoli from exterior. Physical laws of 
diffusion and of movement of gases. 

Passage of gases between pulmonary vessels and tissues. 
Solubilityin water and serum of CO^, of and of N. Hsmo- 
globin. Oxyhffimoglobiii, reduced hsemoglobin. Methiemo- 
globin. Composition, crystals, colour, spectra. CO^ conveyed 
partly in chemical combination. 



Eenewal of air in lungs. Pneumatic laws involved. 
{Note 20.) Thorax impermeable, teaistant and elastic. Ex- 
panded in all three directions by muscular effort ; inspiration. 
Diaphragm. Movements of sternum, and of ribs. Con- 
traction by elasticity and by muscular effort : expiration. 
Action of intercostal muscles. Intra- thoracic presaura. Don- 
dera' model. 

Changes in air by respiration : 0, CO,, water, nitrogenous 
putreacible matters : temperature. Changes in blood ; colour, 
0, Co„, water, temperature in pulmonary capillaries : in 

Statistics of respiration (see Table 31). 

" Tidal " air of tranquil breathing : " complemental " 
admitted by extreme inspiration : " reserve " or " supple- 
mental '' expelled by extreme expiration : " residual " after 
such expiration ; " post-mortem " air ; " tissue " air of the 
collapsed lung after opening the thorax. Physical and his- 
tological state of a collapsed (airless, carnified) lung, or 
lobule or lobe. 

Frequency and rhythm of respiration. Eesp. trace. In- 
spiratory and expiratory murmur : pulmonary, bronchial, and 
tracheal sounds. Their conduction to the ear applied to the 

Kegdlation by Nervous Svstem. Respiration automatic, 
not refles. Respiration with divided vagi. Stimulation of 
vagi, of superior laryngeal nerve, of fifth and other cutaneous 
nerves, of gastric branches of vagus. Expiratory and in- 
spiratory centre in bulb, nteud vital : connection with 
cardiac and vaso-motor centres. 

Dyspn<ea : from deficient movements of chest : from ob- 
stacle to air reaching blood : from obstacle to blood reaching 
air: from want of haraoglobin (aniemia): from deficient O 
in air. Phenomena of dyspncea and asphyxia. 

Apnaa, from excess of oxygen in the blood. 

Effect of poisoning by CO, in the air r by nitrous oxide, 
chloroform, ether. Rfl'ect of CI, NH and other irritating gases. 
Effect of SHj and other reducing gases, Effect of CO by 



yni, DIAGRAM OF THE FORCES CONCERNED IN 
EXPANSION AND CONTRACTION OF THE THORAX. 




1, Atmospboric preMure on chesty abdomen, and dowo air puiages 

2. Upward prsesure at abdominal visoera ; increased bj flatQ^ ascite*, &c. 
3' Klsatic contractile power of lunge : constant. 

4. Expanding power of diapbragjn and otbpr inspiratory mngclea. 



The 



Contracting power of expiratory niuaclei. 

ity of the thorax itsi^lf comes into action after deep inn]) 



The double dotted line repreienta the pleura 



IX. DUGRAM ILLUSTRATING THE BESPIEATOaT 

SYSTEM OF NERVES. 
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& II. Inapiratory and eipiiAlcry aasocinteJ centres in the bulb. 
1. Mervoua cbuinels for Toluntatj inspiration and aipiration. 
1'. Do. for ToluDtary inliibilian of respiration. 

Afferent nerves from reuna and skin of face for reflex respiration. 

Afferent nerve from larjoi. 

Afferent fibres of vagus from luogs, stimulant and inhibitorj. 

Afferent nerves for reflei respiration from akin of trunk. 

Motor nerve to dilator of nostrils. 

Motor nerves to diaphragm and other inspirator; muscles. 

Motor nerves to intrinsic muscles of laijni. 

Motor nerves to muwdes of expiration. 




EEBPIRiTTOK. 

its saperior affinity to ' b hemoglobin. EEFecta of a 
high and low pressure, suddenly or gradually i: 

Ventilation. 

Modifications of the respiratory act : sighing, wlieezlng, and 
enoring respiration. Gaping, 

Of inspiration : snifEng, gasping, sobbing, hiccough. 

Of expiration ; sneezing, coughing, blowing, and whist- 
ling; gargling; crying and laughing. Vocal expiration. 

The Voice. 

Its nature. Its qualitiea : 

I. Loudness or amplitudeof sonorous vibrations dependent 
on Tolume and velocity of expired air. z. Pitch or rapidity 
of vibrations, dependent on tension of glottis. 3. " Quality" 
("timbre ") the presence of overtones or harmonics in addition 
to the fundamental tone, dependent on the individual struc- 
ture of the larynx and the " after -pipe." 

The mechanism of t!ie voice. Comparable to a reed. Lungs, 
(bellows) trachea (wind-pipe), glottis (" tongue "), mouth 
(after-pipe), nose (resonator). 

Form of glottis in tranquil and forced inspiration and 
fispiration — respiratory glottis. Form for. vocalization — 
vocal glottis. Muscles opening and closing glottis. Muscles 
tightening and relaxing cords. Funetion of ventricle of 

Vowels: dependent (i) on length of after-pipe; raising 
glottis and protruding lips; (z)on sizeof openings of ditto: open 
or narrow glottis and mouth ; (3) on diameter of ditto; raising 
tongue or depressing floor of mouth ; (4) closing resonator ; 
nasal vowels. 

Principal and transitional vowels ; short and long. Diph- 
thongs. (See Table zz.) 

CoNSoNAHTS. Expired air stopped more or less completely 
in aAer-pipe (i) by lips or incisors, labials (z) by tip of 
tongue and incisors or hard palate, denials (3) by back of 
tongue and palate, gutturals. 
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Expired air with glottis in vibration, .vocaZ consonants; 
without, mutes. 

Stoppage incomplete : continuous consonants, aspirate, 
sibilant or trilled. Stoppage complete, explosives. Oral 
stoppage complete with open resonator, nasals. Combined 
consonants. (See Table 23.) 

Arrangement of alphabet a physiological one. {Table 23.) 



X, DIAGEAM TO ILLUSTRATE THE VOCAL APPARATUS. 





I. Wind-box and bellows. 

II. Wind-pipe. 

HI. Body-pipe. 

IV, Resonator. 

V. Reed ; composed of two vibrating " tongues." 



1. Anterior consonantal point. 

2. Middle do. 

3. Posterior do. 

4. Anterior opening of resonator. 

5. Valve opening or closing resonator. 



To faetpagg 32. 



XI. DIAGRAM ILLUSTRATING THE MECHANISM 

OF SECRETION. 



Efferent 
vein 



2\ 



t 



.\ 



._ Duct 




Acinat 



s" ^ 



Bpnoea 



Aftorent 
artery 



1. Vaso-dilator nerves. 

2. Secretory nerves from spinal centre. 

3. Secretory nerves from sympathetic. 

4. Vaso-constrictor nerves, 

5. Afferent, reflex-excitor nerves. 
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ESCEETION AND SECRETIO^f. 

EscKETiON of ivaate products. Of C as CO^, of H as H^O, 
of N as urea, of S, P, &c, as Halts. 

Methods of excretion : by diffuaion of gases, by osmosis of 
liquids, by true secretion. 

SecriETiON a process of cell-growth. Unicellular secreting- 
glands : goblet-cells. Extension of surface : sacs and pits. 
Simple saccular depreasiona — pocketed — more subdivided — 
racemose — lobulated. Simple deep pits — tubules — branched 
tubes. Acini and ducts : lobules. Characters of duct-epi- 
thclium : of secreting epttbelium : transitional forms. Base- 
ment membrane. Oonnective tissue and lymph - spaces. 
Capillaries. (Diagram XI.) 

Eegulation by Nervous System. Vaso-motor nerves. Secret- 
ing nerves to epithelium of acini. (Diagram XII.) 

Secretion as a mere selection of materials ready formed in 
the blood : as a manufacture of new compounds from those 
materials. 

Process, by transformation of protoplasm of secreting ceUa ; 
or by vacuolation — " signet- cells." Gradual oozing out of 
secretion into lumen of acinus ; or expulsion by contraction of 
cell ;or liberation by rupture of cell. Comparison of this com- 
plete process with storing of secretion, as of starch in roota, and 
in adipose tissue ; with ordinary nutrition (every tissue 
an excretion to every other) ; with endogenous proliferation. 

Histological difference between glands at rest and secreting. 

Serous " and " mucous " glands. 

Sevelopnient of glands, i. Glands opening onto akia. 
Glands opening onto raucous membranes, iii. Geoito- 
nrinary glands. 
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Tre Skin. 

Struature. Epitheliaia aad vascular oorium. 
Anatomical division, 

i. Epidermis: horny layer or cuticle. Stratum lucidura, 
8. granulo3um, Malpigbian kyer, 

ii. Cutis vera ; papillary layer, deep layer. 

iii. Subcutaneous (adipose) tissue or superficial fascia. 
Physiological (and pathological) division. 

i. Dead epidermis, cuticle or scarf-skin. 

ii. Living epidermis and papillary layer. 

iii. Deep layer of cutis and subcutaneous tissue. 

Local differences, in the tbickness of cuticle, of coriutn, of 
integument altogether ; in number and size of papillie; in 
thickness of subcutaneous layer and in presence of fat-cella; 
in vascularity ; in nervous supply. 

Sweat-glands. Structure, number and distribution. 
Secretion : its composition and reaction. Sensible and 
insensible perspiration. Effects of temperature, moisture, 
and movement of the air. Regulation by nervous Hystem. 
Sweat-nerves, vaso-motor and secreting : warm and cold sweat. 

Hairs : structure, distribution and local varieties. 

2fails. Structure and uae. Formation of nails. Kate of 
growth. Notches indicative of acute disorders. 

Sebaceous glands. Connection with hairs : structure and 
secretion : function. Modified as Meibomian glands. 

Mamma. Collection of highly developed sebaceous 
glands. Structure in lowest mammalia. Acini, epithelium, 
ducts, lobules: vessels, lymphatics and nerves. Secretion 
regulated by N.S. Periodical evolution and involution. 
Milk : physical and chemical characters and composition. 
Functions of Skin. i. Protective: nails (hoofs, horny 
covering of armadillo). 2. Non-conducting: halr(fiir), sub- 
cutaneous fat (blubber). 3. E.-scretory : of ceratin by 
abrasion of cuticle and by hair and nails; of water by 



XII. diagr'am of the nervous regulation op 

SUBMAXILLAR! SECRETION. 



Ch. T. 



Aoinna 




Lingual of v. 
Subm. gangL 



~. Arteriole 



aup. eerv. g. 



Oerv. iTinp. 
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EXCRETION AND SECfiSWdff. 

sweat; ol' sehmn. 4. Regul; 
p. 42). 5. Absorption : not 

Mucous Membranes and their Glands. 

StiiKture, Epitbelium and vasculai 

i. One or more layers of epithelium. 

ii. Baaement membrane. 1 

iii. Vascular corium or " mueoaa," often cytogenic. 

iv. HubmucoBa. 
Varieties in alimentary canal and in respiratory tract. 
Mucous glands. Mucus. Succus entericus. 

Salivary glands. Gastric glakds. Pancreas, (v. eiipra, 

p. 2.). 

Liver. Development. Structure. Not racemose nor 
tubular, nor even properly acinous. So-called lobules unlike 
those of pancreas or mamma. 

Secreting epithelial cells : their atructore and arrange- 
ment. Variations during digestion : pigment gronuke, 
oil-drops, glycogen. 

Blood-vessels ; Porta! interlobular veins and intralobular 
capillaries ending in intralobular Hepatic vein. Sublobular 
hepatic veins. Hepatic artery ; interlobular and intralobular 
branches i their termination. 

Perivascular connective (" portal canals," Glissou's " cap- 
sale " ) only interlobular and in man very scanty ; subserous 
connective or fibrous tunic. 

Ducts : interlobular branches, with mucous membrane ; 
intralobular, an endless network of anastomosing biliary 
capillaries between the secreting cells ; peculiar to the liver. 

Lymphatics. Nerves scanty, regulation of secretion 
by N.S. unascertained. 

Bile. Origin of its mucus. Pigments ; Bilirubin and 
Biliverdin. Cholesterin, Lecithin, fats and soaps. Mineral 
salts. Bile-salts {'■bilin"or "bile-reain ") : Glyco-cholate 
and Tauro-cholate of soda (p. 10). Functioat : not digestive. 



Help3 to ceutralizs gastric juice ; promotes absorption of a 
fatty emulsion ; antiseptic ; stimulates peristalsis and contrac- 
tioii of villi. Water and greater part of conjugated acida 
reabsorbed. The rest excreted. Peculiarity of secretion. : 
from venous blood, and from blood at low pressure. 

Other functions of Liver. Storage of glycogen. Storage 
of iat. Lenco-cytogenic function in fcetua. Formation of 

Kidneys. Origin from meaoblast of genito-urinary tract, 
but in histology and normal and morbid physiology, true 
epithelium. Structure of kidneys. Malpighian capsules and 
tubules. Endothelium and epithelium. Arteries, glomeruli, 
venules and venaj rectte. Connective tissue and lymphatics 
scanty. Nerves. 

Khythniical contractions as in spleen : relation to general 
blood pressure. Seat of secretion of water, salts, urea, &c., 
respectively. 

Urine. — An aqueous solution of Urea and Na CI with allied 
nitrogenous and saline compounds. Colmir. Concentration ; 
relation of pigment to hemoglobin. Sp.gr, Limits. Relation 
to food, drink, sweat. Prof, Christison'a formula for solids. 
Dr. Goldiag Bird's. Reaction. Relation to digestion ; to 
vegetable food. Dogs' and rabbits' urine. Dependent on 
phosphates being acid, or neutral, or baaic, with carbonates- 
Deposit. Mucus : wiience derived. Epithelium. 

Water : amount of urine. 

Sails : chlorides, sulphates and phosphates. Occasional 
presence of carbonates, o:(alates, ammoniacal salts, n 
organic acids, as lactic, succinic. 

Urea : composition, solubility and diffusibility. Compounds 
with Nitric and Oxalic Acids. Mercurial salts. Decomposi- 
tion into Carbonate of Ammonia by fermentation, into 
N, COj and H,0 with alkaline hypochlorites or hypobromites. 
Quantitative tests: Liebig'a, the hypobromite,* and complete 

* Modlti cations of this process have been broaght forward fay 
LecDDte, by E. W. Oavj [Phii. Mug., June 1854), by Apjohli, 
Hufner, RuBsell and West, and Dnpre. 



combiistioD. Kelaition of urea to muscular exercise : 
experimenta of Fick and Wislicenua, Parkes, Edward 
Smitb, Flint, and Pavy. Kelation of urea to nitrogenous 

Urateioi soda and potash. Their solubility dependent ou 
the quantity, alkalinity and temp, of the urine. Their colour. 
Free uric acid alwaja abnormal. Its physical and chemical 
properties. 

tlipiiurates constantly present ; more abundant in the urine 
of Herbivora. Preparation, properties and composition of 
Hippuric Acid. Kelation to Benzoic Acid. 

Creatinin a nitrogenous crystalline base : its relation to 
Creatin. Occasional presence of cffstin, xanihin, hypoxaiithin 
or creatin ('/) in urine. AUantoin in foetal urine. 

IwUean: method of testing for. 

Goies, CO, and N. 

Changes in urine after being passeij. 

Variations by food, temperature, exercise; Urina somni 
vel sanguinis, U.cibi, U.potus. Urine of infant, child, adult. 
Morbid unne. 

Mechanism of renal secretion. Arguments from structure 
and experiments, for the dependence of the watery and 
saline exoamosis on relative blood pressure in the glomeruli, 
and of nitrogenous exLTetion upon the tubular epithelium. 
Function of looped tubes. 

The Bladder : its structure. Mucous, muscular and 
nervous. Mechanism of micturition. 

Excretion from the cenital ckgans. Semen : proteids 
ond salts of liquor seminis, mucua. Cowper's glands, prostatic 
glands, Tesiculee seminales. Ovulation : menstiual discharge. 



EEVIEW OF THE FUNCTIONS OF NUTRITION. 

Changes of the chemical coniponentB of the body, followed 
from their in-come aa food to their excretioii. Metaholigin. 

Water, in food, chyme, blood, tiHsiiea.(see Table 36) and 
excretions. 

Sails .' slight chemical change from acid to aUcali and 
back, and from citrates, malates, tartrates or acetates to car- 
bonates. 

Combustible or oxydizable food stuffs. Starch and sugnrg : 
conversion into maltose, destrose, Itevuloae ; reconversion of 
diffusible crystalliDes into glycogen; places' of origin and 
storage of glycogen ; its further transformation ; traces of 
sugar in the blood ; final excretion of carbohydrates as car- 
bonic anhydride and water. Escape of some portion as 
glycose by the urine in minute traces in health and in quan- 
tity in diabetes. 

Ji'aU. Absorbed unchanged, in the chyle. Fats in the 
blood; absence of aoapa. Deposit of fat in the liver, and in 
adipose tissue. Origin of the fat of the body not directly 
from fatty Ibod ; but by indirect process from fat, from car- 
bohydrates (7) and from proteids. Final excretion of fat as 
carbonic anhydride and water. 

Proteids. Absorption as peptones and as particulate 
albumin. Leucin and tyrosin : relation of both to the fatty 
acids and of latter to the aromatic series. Serum-albumin 
and globulin ; absence of alkali-albumia in blood. Tissae- 
proteida ; globulin, myosin, gelatin, mucin. Excess of C and 
H in albumin compared with urea ; their detachment in 
fatty compounds. Lecithin. Conversion of N-residue into 
orystallitie amides and amido-acids. Creatia in muscle and 
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blood ; creatiain in urine. Hypoxanthin, xauthin and 
uric acid. Gljcocholic acid, glycin, tyrosin, ben^oyl-glyoin 
or hippuric acid. Taurocholic acid, cyatin, sulphates. Ante- 
cedents of urea (?), origin in liver (?), absence in muBcles, 
presence in blooU, excretion by renal epithelium. Further 
Qto ammonium carbonate out ol' the body, 
bladder. Hteraoglobin : relation to htemat- 
oidiu, bilirubin and urinary pigment; excretion of Fe. 
Bxcretion of proteids ae such ; casein, io milk ; ceratin from 
BUTfiuie ; mucin in fcecea and urine. 

Channetx of exit of the excreta. 

Of water, salts, carbon in gaseous and in solid forms. Of 
area and of other nitrogenous compounda, by the fsDces, the 
urine, the skin and the lungs. (Diagram XIII.) 

Qttanliialive relation between income and outgoings of 
material. The'corporeal balance sheet. {Table 25.) 

Income ; by food and water through alimentary canal. 
Deduct fjecea as strictly dregs, omitting the true excreta of 
the bowels as in quantity insignificant. 

Add oxygen by the lungs, 

Oatgoingti by the three great excretory channels : C by 
lungg, N and minerats by urine, Water by urine, skin and 

Ina-eastd incutne by food : C and II stored as fat and 
glycogen, N excreted aa increased urea. Weight increased. 

Diminished outgoing by less work and less active respiration : 
increased weight as before from iat. Diminished outgoing 
from disease of excretory organs; poisoning irom accumu- 
latioD of carbonic acid, from " uraimia," or from " cholicniia," 

Jncreuserl outgoing by active work; diminished weight, 
call for increased food, 

Dimitiiskcd income : call upon stored fat and glycogen, 
emaciation : outgoings husbanded by diminished movement, 
less frequent respirations, slower and weaker circulation, dry 
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Starvation. Effect on fatty tissue, on liver, on heart 
{Table 24) : symptoms in muscular weakness, and sleep : 
hybernation : condition of respiration, pulse and temperature, 
in starvation. State after death of intestines, liver, gall- 
bladder, &c. 

The balance of health {Table 25). Power of readjustment 
after disturbance. 



XIII. DIAGEAM ILLUSTEATING THE BALANCE 

BETWEEN MATERIAL INCOME AND 

OUTGOINGS OP THE BODY. 




I. 



II. Incomo bj Inoga of air — N and O. 

1. ODtgoing bj rectam of fsceii— UDdigcsted food, renuui 

Baits, mucus, water, &c. 

2. „ tongs of air— N, 0, CX), H,0, 4c. 

3. „ kiduejn of urine — urea, &,c., salts, water. 

4. „ akin oF sweat — water. &c. 

A. Btore of Duttlmeat aa fnt. 

B. „ „ Rlycogen. 



THE WORK OF THE BODY AS A MACHINE. 

Source of its energy, liadiant solar heat. Storage of 
energy in vegetable lissues. Appropriation of latent chemical 
energy of vegetable proteids, carbohydrates and lata by 
herbiyorous animals : of energy in vegetable and animal 
compounds by man. This energy rendered kinetic by osy- 
datioa, i.e. by alow combustion. {Table 26.) 

Transformation into two forces of energy, mechanical work 
and heat. Both dependent (i) on integrity of machine, (z) 
on supplies of combustible food, (3) on supplies of oxygen; 
and both regulated by the nervous system. 

i. Mechanical Work done by striated and unstriaied 
muscles. Constant work of heart and diaphragm. Produc- 
tion of heat with each contraction. Internal work : me- 
chanical energy transformed into heat by friction. 

Relation of outcome of energy aa external mechanical 
work (e.g. raising weights) to outcome as external heat, 
derived partly from internal muscular work as above, and 
partly from oxydation, which probably accompanies all ac- 
tivity of tissues ; pre-eminently muscles, but also glands, 
nervous centres, and all living protoplasm. 

Modes of measuring the income and outgoings of energy. 
Experimental determination of possible enetgi/ iu foodstujj's 
by complete combustion into CO,, HjO, and KH^. Deduc- 
tion of the energy contained in the excreted urea {Table 27). 
Approximate estimation of mechanical work done in a day's 
labour, e.g. treadmill, or ascending a mountain. Estimate of 
work done by the heart. Measurement of htal given off 
from an animal placed in a water chamber — caiorimetrv. 
Units of mechanical energy ; the Dritisb footpound (or 
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Ion) and the Centigrade grammeter (or kilogi'ammeter). 
Unite of thermal energy : the British pound degree, F°, and 
the cubic-centimeter degree, C. Determination of their 
exact relation, " the mechanical equivalent of heal," by Joule. 
[Tahk 26.) 

ii. Heat. Bodily temperature approximately conatant in 
health. Result of balance of production and dissipation of 
heat. Heat produced by oxydatiou; not in lungs, nor in 
blood, but in active tissues. Most in liver, next in muscles, 
least in passive organs, lis bones. Heat carried throughout 
the body by the blood. Heat dissipated on the surface. 

1. Loss of heat from the s/ciii (a) by radiation, (6) by 
conduction, (0) by evaporation of sweat rendering beat 
'' latent." 2. Loss of heat from the lungs (a) by evaporation, 
(6) by expiration of warmed air. 3, Loss of heat which 
has warmed urine, freces and other excreta. 

Or, otherwise put, i. Heat expended by conduction and 
radiation from uncovered surface ; ii. by ennporatioa from 
akin and lungs ; iii. by warmiitg inspired air and ingested 
food and v:a>e:\ (Table 28.) 

Adjusting Mechanism. Coniparison to a greenhouse. 

Clinical thermometry. Mode of meaeuring mean tem- 
perature of the body. History : Sanctorius, De Haen, 
Hunter, John Davy, Currie, Brodie, Roger, Liebermeiater^ 
"Wnnderlich. 

Thermometer in axilla (or groin), mouth, rectum : or held 

Diurnal variations of temperature. Pyrexia ; febrile 

temperature ; highest compatible with lite ; paradoxical 

temperatures; subnormal temperatures, {Table zg.) 

Balance of income and outgoings of energy (Diagram 
XIV.). 



XIV. DIAGRAM ILLUSTRATING THE BALANCE OF 
INCOMING AND OUTGOING ENERGY. 




A. locome of energy latent in food. 

B. Oxygen admitted by respiration to set free this energy. 
Outgoing of energy as mechanical movement. 

heat. 



C. 
D. 
E. 



}> 



it 



Represents the internal movements of the body of which 
the energy is manifested externally as heat. 



To face i^ai^« ^sSL. 



XV. DIAGBAM8 H^LUSTEATING THE ELEMENTARY 
COMBINATIONS OF THE NERVOUS SYSTEM. 





A. Beflez Actiou. 



B. Automatic action. 



0. Sensation. 




D. Voluntary moyement. B. Perception. 



i 




F. Inhibition. 




T^ face page 43, 



Q. Eradiation. 



THE NERVOUS SYSTEM, 

Functions of relation with the external world by senaa- 
movement. Functions associated with mind : ooa- 
Bciouaness, perception, and wiU. 

Regulating mechanism for secretion, circulation, respira- 
tion, and especially for expenditure of energy in muacular 
moTement and heat. 

Sensitive surface originally external. Origin of central 
nervous ay fit em in lowest animals by invagination of epidemi, 
and in the human embryo by invagination of epibhiat and 
subsequent outgrowth from this neural sense-layer, 

FuNCT[ONsof THE CONSTITUENT ELEsiENTS OF N.S. CtmilucUon 
by Fibres — afferent or centripetal, efferent or centrifugal, and 
commissural or intercentral. " Exjtlosion " or " discharge " 
of Ganglion- eel la following or preceding conduction : 
" storage" by ganglion-cells. 

PUHCTIONS Of SIMPLE COMBINATIONS OF NERVOUS ELEMENTS, 

End-organ of a sensitive surface, afferent nerve and gan- 
glion-cell. (SensadVm (conscious or no). (Diagram XV., Fig. 
C.) 

Ganglion- cell, efferent nerve and muscle : automatic Tnom- 
ment (voluntary or no). (Fig. B.) 

Afferent nerve, sensory cell, commissure, motor cell, efferent 
nerve : Reflex: moveToent (or secretion). (Fig. A.) 

Action of ganglia regulated by excitant and inhibUury 
nerves. (Pig. F.) Stimulus, if overBlrong, spreads from one 
to another system : Eradiation. (Fig. G.) 

Coordination of ganglia of reflex and automatic systems so 
as to act together in orderly sequence. Theory of co-ordina- 
tion compared vrith the mental law of habit. Formation of 
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lines of co-ordination ; maintenance, neglect and reinstate- 
ment of Buch lines, compared with learning, practising, for- 
getting, and recovering a manual art. Inherited babiU 
and mancBUvrea ; the co-ordination of the raue. Custom, 
second natnie,* the co-ordiuation of the individual. 

Physiological problem of the Nervous System : the localiza- 
tion of functions in the several ganglia, and the determioa- 
tion of the afferent and efferent {motor, glandular, inhibi- 
tory, &c.) tracts between centres and periphery. (Table 30.) 

Present results of both investigations in order of the 
aaatomical grouping of centres, viz, ; — 

i. The scattered, so-called " sympathetic," ganglia : — 
(a) cranial, cervical, thoracic, lumbar; (i) the visceral ganglia 
of the heart, of the solar plexus, of the intestines (Auerbach's 
plexus], of the bladder, and of the genital organs; (c) the 
ganglia on the sensory roots of " spinal " (cranial and verte- 
bral) nerves, including trifacial, glosso-pharjngeal and vagus ; 
(tt) the microscopic gunglia of the iaternal ear and other 

ii. The continuous ganglionic sheath which surrounda the 
" neural tuba," including the central canal of the cord, the 
third and fourth ventricles " and the " aqueduct ; " viz. 
(o) grey matter of Cord, or "medulla spinalis," (b) do. of 
Bulb or " medulla spinalis oblongata," (c) of Midbrain behind 
pons, including C. quadrigemiua, (d) Thalami and C. striata. 

iii. Cerebellum. 

iv. Cerebral hemispheres. 

Methods ol determining functions of looiHzed ganglia and 
paths of conduction, a. Anatomy: relations by netvc-fibres 
10 other organs and commissural connection with other 
ganglia. Histological characters. S. Comparative anatomy : 
degree of development in lower animals in comparison with 
development of function, y. Emhijology : early or later 

* " By trtailing the same ittepB over and over again, they (the 
aniraal epirils) presently make a road of it, aa plain and Bmooth as a 
garden walk, which when they are once used to, the devil himaell 
IE shall not be able to drive them off it" — Sterne. 



appearance: diBcriminatioo of norve tracts afterwards iiiii- 
form, by absence or presence of myelin (Plechaig), fi. Expei-i- 
ment. Ablation or destruction of centres; division of nerves 
(Magendie, Ball and Joli. MuUer, Flourens, Goltz), Stimula- 
tion of nerves or centres (E, Weber, Bernard: Pritsch 
aad Hitzig, Ferrier). Degeneration subsequent to ablation 
or division ; (Waller's method ; observation of cord and brain 
after amputations, or excision of eyeball, or olfactory bulb). 
t. Experimenln of disease. Tumours or other destructive 
affections of centres ; secondary ascending and descending 
degenerations. 

i. Functions of the Scattered Ganglia of the " Sympa- 
thetic." Their intimate connection with and apparent depend- 
ence on the central grey matter by cranial and spinal nerves. 
Evidence as to the independent functions of the submaxillary 
and of the lenticular ganglia. Proof of the functions of the 
several groups of cardiac ganglia. The intestinal ganglia. 
Absence of ganglia in ureter. Proof of the trophic function 
of the ganglia of the posterior nerve-roots. 

Herves of the sympatbetic or ganglionic " systein." De- 
ficient in white fibres. Afferent from viscera or mucous 
membranes, not subserving conaciotia sensations under ordi- 
nary conditions. Afferent to vnatrijied muscular Jihres in 
hollow viscera, or in blood-vessels — vaso-motor nerves. 
Evidence as to faiiction of cervical sympathetic, of splan- 
chnic, &c. 

ii. Iiocalixalion of centres in the qp.ey matieb surrounding 
the neural canal : — 

(a) Cord. Motor cells in anterior cornua. Trophic centres. 
Vasomotor centres. Genital centres, &c. 

(b) Bulb : floor of fourth ventricle. Centres of hearing, 
taste, deglutition ; of cardiac inhibition, blood pressure 
(vaso-motor and depressor), respiration, &c. 

(o) Midbraiii. Centres of nerves iii., iv. and vi. and of v. 
Centres of vision in C. quadrigemina. 

(d) Thalami (?). Connection with tegmentum, 0. (juadri- 
gemina, and Corona radiata. 
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Cavdate and lenticular nuclei, and clasgtmin. Connection 
vrich crusta and C. radiata. 

CoTulaction in " spinal Byatem " : — 

Motor tract ; R. corpus Btriatum, K. orua (crusta), under 
pons, E. ant. pyramid, decussatioii, L. deep lateral column, 
L. ant. cornu, L. ant, nerve root. 

Sensory tract : H. post, nerve root, L. lateral coluum and 
L. grey matter, L. restiform body (7), L. tegmentum, L, thai- 
an,u.(!). 

H, ant. med, column (Ttlrck) direct to R. crus. 

Superficiiil lateral column direct to cerebellum. 

Antero-Iateral columns commissural between segments 
of cord (7). 

Posterior columns (Butdacli), restiform bodies, cerebel- 
lum and thalamus (7). 

Post, med, column (Goll), post, pyramids. 

iii. Cekebel],um. Functions unknown. 

Pons or transverse commissure. Pr. e cerebello ad testes, 
or sup. commissure to midbraia. Pr. e cerebello ad med, 
spin, obi., or inf. commissure to post, colunins of cord. 

iv. Olfactokv LOiiEs. Outgrowtb from forebrain with 
prolongation of ventricle. Nerves from organ of ameli. 
Commissure to C. striatum and cerebrum. 

V. Cerebrum. Outgrowth from sides and front of fore- 
brain, enclosing ventricles continuous with neural canal. 
Commisaurai fibres with C. striatum and thalamus, called 
corona radiuta and ext. and int. capsules. C. calloaum or 
tiansverse commissure. Fornix or longitudinal arched com- 
missure. 

Development and comparative anatomy of hemispheres. 
Fissure of Sylvius. Sulci of Rolando, pari eto- occipital, 
intraparietal, parallel, calcarine, collateral and calloso-mar- 
ginai. Principal and secondary gyri. 

Vascular distribution. Histological differences. " Motor 
region " of volitional centres. Centres of vision and of other 
perceptions. Centre of articulation. Discrepancies of 
observation and interpretation. 



XVI. THE PEOJECTION SYSTEM. 




A A. Peroeptiso sensory, and voluntary motor, cen 

hemisphereB. 
B B. SenBoiy and motor ceotrea in spioal BjBtem. 
C C. Sansory peripheral points. 
D D. Muscles and otlier efferent end organs. 
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Instances of the practical value of a knowledge of cerebral 
localization in diagnosis and treatment. 

Relation of automatic movement to voluntary movement, 
to the Will, and the sense of Space : of sensation to Percep- 
tion : of reflex action to Emotion : of repeated discharge of 
ganglia to Memory. 

Boundary of consciousness not fixed. Some reflex actions 
perceived. *' Unconscious cerebration." 

" The Projection SystemJ' Necessity for each unit of the 
sensitive periphery, and for each unit of the muscular peri- 
phery, being separately represented in the Hemispheres. 
Probably also in the grey substance around neural canal 
(Diagram XVI.). 




SPECIAL SENSES. 

Efferent end-organs of X.S, motor, electrical (in fiahes) or 
secretory, Aiferetit end-organs : all laodified ectoderm. 
Origin and gradually increasing complexity. Relation of 
aenaatioua to perceptions, emotions, and inteUect. 

Essential parts of a sen^e-organ ; i. Epillieliul element, 
modified so as to be sensitive to only one kind of Btimulna 
or " physical object" 2. Afferent nerve-fibre. 3. GaTiglion- 
cell in spinal system for sensation. 4. Commissural fhre in 
corona radiata. 5. Qannlion-Cf.ll ia cerebral cortex for per- 

vrsiON. 

Properties of the pltysical object. (See Note 31.) 

Development of the eye from the midbrain (or forebrain) 
Primitive optic vesicle with ependyma, gangiion-cells and 
fibres, and mesoblaat, pia mater (ch or oidea) and dura (sclerotic). 
Ingrowth of epiderm to form lens, of embryonic corium to 
form vitreous. Optic cup. Ingrowth of mesoblast : oolo- 
boma. 

Afferent nerve : chiasma. Sensory ganglion, C. quodrige- 
mina and geniculata, with pulvinar of Thalamus. Fera'/ueat 
centre : angular gyrus (?), 

Orbits, direction of axes. Eyebrows, Hds and lashes. 
Lacrymal apparatus. 

Senae-eapsule : Sclerotic and Cornea, Anterior chamber, 
with aqueous humour : a lymph-ainus. Vascular tissue ; 
Choroid and iris : pupil. Refractive media : cornea and 
aqueous, lens, vitreous. Accommodation : circular " suspen- 
sory" ligament or zonule of Zinn, ciliary muscle. 

Comparison with a camera obscura. 



jFonnation of images on retina : distinct central and in- 
difitinct peripheral vision. 

Defects of vision : Muscte volitantea ; Spherical and 
Chromatic aberration ; Aatigmatiam ; Hypermetropia and 
Myopia; PreBbyopia. 

Ba.cilla.ry layer of roda and conea. Proof that tbey are the 
true endorgans of vision. Purkinje's figures. The yellow 
opot and fovea. The ora serrata. Retinal red or " vision- 
purple." 

PsBCEPTiONS OF vision — I. Amount of tight. Comparison of 
sunlight and artificial light. 

3. Colour. Nature of physical object. Ultra violet and 
ultra red mya. Qualities of colour: a. "Tone" or hue, 
primary, secondary, tertiary. Eed, green, violet ; yellow ex- 
cluded; claims of blue. Colour -blindness or DaltoniBin, its 
degreeB and varieties, h, "Saturation," intensity or depth. 
C. " IlluminatioD ; " amount of white light mingled with 
colours. " Lustre " or colour seen through a transparent 
medium which reliectB light regularly. Theories of colour 
perceptions; Young's, adopted by HelmhoUz ; Hering'a. 

3. I-'orm. Image on retina. No corresponding image in 
space in brain. System of " signs " between each physical 
impresaioH and each cerebral excitement. Theory of such 
"local Mgns" first propounded by Berkeley,* Combination 
of sight with touch. Vision with two eyes. Identical points 
of the K. and L. retince. 

4. Soliiliti/ and distance. — Obtained by double vision. 
Proved by the reflecting stereoscope of Wheatstone, or the 

* An empirical tlieory of Vision was taught by Dr. Jurin (a 
former phyBician of this HoBpital 16S4-1750), but ihe merit of ils 
fall expositioD ia diie to Bp. Berkeley, who writes : "That is to 
«ay, we perceive Diabiuce not immediately, but by the mediutioii of 
a, Sign, which hath no hkeuess to it, or neoesBary connexion witli 
it, bat only suggests it from repeated experience, as words do 
thinga." (" Alciphron," voL J. p. 223.) See also Sect. 88-102 "on 
erect vision" in his "Essay toward a new Tlieory of Vision" 
{lyog]. The theory of local sigua has since been worked out by 
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ordinary refracting one of Brewster. Pseudoscope. Rivalry 
of the two retinal pictures. " Stereoscopic brilliance." 

VisuiL Judgments. Believing what one sees — ita fallacy. 
IlluBioas : of form, distance, solidity, illumination, colour, 
movement. Explanations: by the duration of a visual im-' 
pression, by comparison or " simuItaneouB contrast," by retinal 
fatigue leading to " auccessive contrast," by experience of 
diminished size and illumination and colonr-tones from dis- 
tance, by experience of double vision and of perspective 
effects, by following outlines with the eye, by expectation. 
Application to the representation of objects by art. 

Hearing. 

Properties ot the pht/sical object or stimnlus (See If of e 33). 

Development of the ear. Endorgan, the modified epider- 
mis lining the auditory capsule, with vibratiie bristles (not 
motor cilia) floating in endolymph. CEdematona connective 
tissue (perilymph) or modified corium. 

Afferent nerve, portio mollis of seventh, Sensoi-y ganglion 
in floor of fourth ventricle. Pereipient ganglion in posterior 
part of superior sphenoidal gyrus (7) 

Media, Formation of middle ear from first visceral cleft: 
Eustachian tube, tympanic cavity and external orifice. Sub- 
sequent formation of diaphragm (membrana tympani) and tym- 
panic ring bone. Chain of tympanic ossicles : Stapes, de- 
tached from cartilaginous auditory capsule (ossified into pe- 
trous or periotic bone), Malleus with pr. gracilis from proxi- 
mal end of first visceral arch or mandible. Ivbhs with os 
orbiculare, stapedius and pyramid from summit of second 
arch. Formation of external ear, auricle, cartilaginous meatus 
and (after birth) external osseous meatus. Comparison with 
organ of vision. 

Course of sonoroua vibrations («) by solids directly through 
the akull (mastoid pr. or teeth) ; (£) by air through Eustachian 
tube; (c) by membrana tympani, and ossicles vibrating en 
masse. Conduction by external meatus ; vibrations of mem- 
brane : mechanism of malleo-incudal joints, of the combined 
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lever and its fulcra : probable function of Unsor membraniB 
tympani and of stapedius. Sonorous vibrations in the peri- 
lymph and endolymph. 

Structure of Jahyrinth. DiTision of primitive auditory sac 
into two : UDriculus and sacculus. Outgrowth of semicircular 
canals from former, of cochlea from latter. Labyrinth in 
fishes, and amphibia. Cochlea in birds, monotremcs, cetitcea, 
man, rodents. Osseous cochlea, lined with endothelium and 
filled with perilymph ; its two acalte : use of fenestra rotunda 
and its membrane to allow vibration in an incompressible 
liquid. Membranous cochlea ( = scaJa Jneclia — canalzs cochlecs), 
supported on lamina spiralis ossea ; formed by basilar mera- 
brsne y — lam., sp. membranacea) and I'eiasner'a membrane; 
lined with modified epithelium from ectoderm ; and filled with 
endolymph. Organ of Corti. Function of Deiter's hair- 
cells. Henaen'a observations. No special eodoigan for 
masical notes. Semicircular canals probably not auditory 
(v. infra p. 53). 

AuDiTOBy PERCEPTIONS. I Loudness from amplitude, 2 
Pitch from length of waves, 3 Timbre or "quality" from 
overtones or harmonics. 

Noieea and muaical sounds ; " consonating rales." Dura- 
tion of impressions; cog-wheels. 

Auditory judgments, i Distance only from loudness : 
" ventriloquy." 2 Direction only from movement of head or 
(in animals) of ears. 

Memory or recoverability of Auditory compared with 
that of Visual perceptions. Intellectual importance of the 
two Benaes, Emotional power of each. 

Smell. 
Physical object : certain subatances in state of gas, vapour 

Media absent. Endorgan modified epithelium of olfactory 
capsule ( = nasal fossa! in man). Afferent nerves, the branches 
o£ the first pair. Sensory ganglion, the ao-called bulbs of tho 
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first pair : their structure and development. Commissure, 
the olfactory tract, Pcrcipitnt ganglion, in the unciform 
gyiua (?). 

Belation of odours to oxydation, to chemical composition, 
to volatility. Smelling by the posterior narea from the 
mouth, stomach and lunga. 

lilmpirical claflsificatiou of odours. Their intensity and 
qualities. Weak memory of odours, and their insignificant 
intellectual importaooe. Smell teaches us less of external 
world than any other senses. Diagnosis of certain diseases by 
emell: variola, typhus, favus, nutmeg-liver, gangrene of lung, 
rheumatism. Emotional, and especially sexual, effect of 
odours in beasts, compared with that of colours and aong in 
birds. The sense almost rudimentary in man. 

Taste, 

Stimulus : sapid Habstani:ea in soJution, ClasaiScation 
of tastes: sweet, bitter, sour, salt. Many supposed tastes 
really perceptions of touch, temperature or smell. Ke- 
lation of taste to chemical composition. 

Media absent. Endorgans the modified epithelium of the 
fungiform and circumvallate papilla; and also of fauces and 
palate. The grooved patches on the rabbit's tongue (papLllas 
foliatte). The taste -goblets. Distribution: tip, sides, back of 
tongue, palate. A^erent nerve. The gloss o-pharyngeal, its 
hngual branches : probably not the lingual branch of the fifth, 
but the chorda tympani of the portio dura (itself perhaps 
connected at its origin with the glosso -pharyngeal), and the 
descending palatine branches of the fifth, possibly connected 
by the great petrosal nerve with the same origin. Sensory 
and percipient ganglia not certainly ascertained. 

Perceptions of taste ; little recoverable, leas intellectual 
than even tliose of smell: productive of reflex secretion 
(salivation) and movement (vomiting) : easily fatigued. 

Other Seiisfs. 
ToccH. — Stimvlus ; mechanical pressure. Medium; the 
horny cuticle : raw surfaces without true touch, Endorgam 



Corpuscula tactila and tlieir mo difi cations. Afferent serves ; 
all the fibres wbich enter by the posterior gangliated roots of 
the " spinal " nerves, whelber oraniiil or vertebral — fifth, 
vagua and first cervical onwards. Sensor>/ and percipient 
ganglia less accurately determined for the various sensory 
aurfacea than for any other sense. 

Senautiong of touch only quantitative. Distribution. 
Weber'fl method. Tonguej fingers, flexor surfaces, face, limbs, 
trunk. Perceptions recoverable and intellectual, giving the 
notion of locality. Combination with sight, and with muscular 

Ill-defined perceptions ■which have their origin in the akin : 
OS Itching (eapec ally in healing ulcera). Tickling {local dis- 
tribution) Fo i o or " creeping," Numbness {limb 
"asleep v th bl nted touch, from pressure on nerve-trunk ; 
also in Tabes doraalis), ri'^i/ZjupCpina and needles;" the limb 



'■ awaking " after pressure i 
from touch, but all c 



I'ed) — nil distinguishable 
IS pathological or perverted 



with its scat in the skin 
ulcers, lost below pharynx 



t Tempeiiature. AIb 
mbranes ; absent 
and above rectum. Putting elbow in ice causes cold 
epot and pain in distribution of ulnar nerve. Path of sensory 
tibresand seatof centre imperfectly known. No quality, only 
degree appreciated, and extent (hand in basin -and body in 
hot bath). Distribution, different from that of touch : tongue, 
cheeks, lips, palms and soles. Warmth, acute or masstvo 
perception. Cold, in extreme approaches beat as a percep- 
tion : with esercise, stimulating ; without, depressing; reflex 
effect in rigors. 

General, unlocalized, but conscious sensations of hunger 
and thirst, repletion : want of breath, want of sleep : fatigue : 
wont of mtiseular ■movement alter rest : uneasiness I'rom 
retained secretions. Uneasiness (malaise) of approaching 
illness. 

Sense of position in space. Evidence of its existence. 
Probably connected with the semicircular canals. Vertigo. 
Meniere's disease. 




Constant influx o£ UDConscioua and half-c 
Bationa upon the central nervous system, both awake and 
asleep, forming a background for all the more acute and 
definite perceptions. 

MuscoLAR Sense. Proof of its reality by judging of 
weights by pressure only and by poising. Its diatribulion 
and development independent of touch. Larynx (singing), 
tongue and lips (articulation), fingers (violin-playing, <tc.), 
arms, ocular muscles, lega, trunk. Pleasures of tlie muscular 
sense : pains, as fruitless effort (nightmare) and missed blow 
or step ; the former related to the emotion of despair, tlie 
latter to that of disgust. Seat doubtful : organs unknown. 
Probably a central perception of activity of motor ganglion- 
cells : absent in refles and Other involuntary movements. 
Intellectual value of the muscular sense : origin of notions of 
space : "Volition. 

Combinations of Sesses. Sight with touch ; sight with 
muscular sense (of recti) ; sight with touch and muscular 
Bense. Smell with taste. Tast/! with touch, amell and tem- 
perature. Touch with muscular sense ("vernier " action). 

Pain. Not a special perception like the above. A mental 
condition dependent on over-stimulation of any sensory 
nerve, i.e. excessive stimulation upon a healthy ai 
ordinary stimulation on n weak and irritable 
(" objective" and " subjective " neuralgia). Usual stimula- 
tion, pressure ; us by inflammatory exudation, vascular ful- 
ness (throbbing), or tumour ; or by muscular squeezing 
(colic and cramp). 

Kinds of pain — stabbing, aching, dull, shooting, etc De- 
gree of pain ; estimation by the reflex effect on pupils, on 
the heart, on blood-pressure, or on the sweat-glands. 

Pain antagonistic to perceptions of touch, temperature, 
and other senses. 

lielief of pain by removing pressure or tension, by local or 
central anodynes, by counter-irritation, i.e. inhibition, by 
mental and muscular effort, by vocal expiration. 
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llEPEODUCTION AND DEVELOPMENT. 

These functions connected with those of nutrition, 
as vegetative or oi^anic, opposed to animal or relative. 
Connected with the " animal" function of niovement, aa also 
expenditure of matter and of energy. Distinct from both 
nutritiTe and animal functions, aa concerned not with the life of 
the individual organism but with the maintenance of the race. 

Methods of Eepkoduciion. Abiogenesia or f/eneralio 
aquivoca. Its disproof by Rcdi and subsequent experimenters. 
Ornne vivum et ovo.* 

(i) Non-sexual jfegion, division, segmentation or cleavage. 

(2) Kon-sexual gemmation or budding, either external 
or internal. Both universal in plants and common in Pro- 
tozoa, C<Elenterata and Vermes. Absent in Vertebrata and 
the higher MoUusca and Arthropoda. Non-sexual ovulation 
or partkenogenesii in insects and other invertebrata. ItB in- 
terpretation. So-called " alternation of generations" or alter- 
nation of true generation with non-sexual gemination or fission. 

(3) Sexual reproduction or true Generation : fertilization 
of an ovum or germ-cell (ovule in plants) by a spermatozoon 
or sperm-ceil (pollen-grain in plants.) Probably essentially 
a checked and modified form of reproduction by fission. 

In man, as in other vertebrata, there is no non-sexual 
reproduction of the entire organism ; but reproduction by 
fiaston occurs as niiiltiplication of cells in yelk-cleavage, in 
the embryo, in the growing body, and in disease (" pro- 

* Noa ftutem asBeritnus (ut eft dicendiB conatabit) omnia oronino 
ammalia, etiam Tivi]>ara, atque Lominera adeo i^nm, ex ovo pro. 
(Pgni.— Harvey : De generatione Animftlium. Esercit. I. p. l8z in 
the College ed, of 1766. 
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liferation "). Gemmation seen in oocaaional reproduction of 
aupernumerary fiugera after removal ; alao ii 
fcetal structures in a virgin ovary. 

Ovulation. Structure of' ovary in man and higher 
animals (incluiiing all vertebrata but oaseous fiebes) not 
glandular, but peculiar to itself. Origin and early develop- 
ment of ovary. Its germ-epitlielium ; its stroma and 
bloodvessels. Ingrowth of germ-cells in columns. Forma- 
tion of ovii. The ovary and ova at birth. Chanf^es at 
puberty. Periodical ripening of ova. 

The Ouisae or Gmafian vesicle (" ovum " of de Graaf) : its 
development and structure when fully formed. 

Description of the ripe mammalian Oman. Vascular 
phenomena of menstruation. Application to the ovary of the 
Fallopian trumpet or oviduct. Eupture of ovisac and escape 
of ripe OTum. Subsequent changea in ovary : " true " and 
" false " Coi'i'us luteam. Menstruation. 

The Speeoi-cell. Origin, structure, descent, and functional 
development of testis. Peculiarity of secretion in chemical 
products being combined with morphological — liquor si 
with spermatoztia. The latter formed by endogenous pro- 
liferation in a vacuolated mother-cell (of. Protomyxia, 
flagellated infusoria with large nucleus and scanty protoplasm). 

Impregnation or iertilization by conjunction of sperm- and 
germ -cell 3. Hermaphrodite animals, dicecious and 
cecious plants, unisexual flowers. Mutual fertilization evi 
bisexual organisms. Sexual congress in fislies, amphibia, 
mammalia. 

Place of impregnation normally in upper part of oviduct : 
extra-uterine pregnancy. 

Formation of female pronucleus : extrusion of hyaline polar 
vesicles or directive corpuscles : radiate appearance c 
rounding protoplasm {" aster "). Penetration of cona pellncida 
by spermatozoa; iosa of flagellura and formation of male 
pronucleus. Conjugation of pronuclei. Description 
pregnated ovum. 

Segmentation or germ-cleavage. Fission of nuclenit 
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dumb-bell form : double radinte form {" ampbiaster ") : 
cleavage- (3 isk. "Caiyolytio figures." Fisaioii of protoplasm. 
Two eqnal cells. Eepetition of the process. Morula or 
mulberry-niusa of aegmentation cells. Cleavage cavity. 
Growth of morula and aggregation of cells towards surface. 
Hollow blastosphere (blastodermic vesicle) with aingle layer 
of cells (blnatoderm) inclosing segmentation- cavity filled 
with food -yelk. 

Otber modes of segmentation according to proportion of 
living protoplasmic germ and food-yelk or " deutoplasm " in 
ovum. Ova of caseous fishes, of sharks and skates, of frogs, 
snakes, and lizards, alligators and tortoises, birds, mammals. 
Size of ovum dependent on food-yelk. Envelopes albuminous 
(rabbit, bird, &c.), membranous, calcareous. Complete and 
incomplete cleavage (JioloblasCic and meaoblastie ova) : Am- 
phioxys, frog, mammal ; osseous fish, reptile and bird {Tohle 
33). Structure of hen's ovum. Mode of segmentatioo : flat 
disc-like get'm, blastodisc or germinal -disc. Its subsequent 
growth. 

Blastoderm or segmented germ. One layer (^epiblast) : 
size, shape and transparency of constituent cells. Under- 
oells, large, ovoid, gtanulac ; formation of hypoblaet : two- 
layered blastoderm. Formation of mesobtast : three-layered 
blastoderm. 

FuiiTHEn DEVELOPiiENT OF BLASTODEnii. Area germinatlva. 
A. pellucida. A. opaca. 

Primitive streak and groove ; relic of blastopore (I), 
Medullary or neural groove and cana! ; lamina; dorsales : 
incomplete roofing in : hind, mid, and fore neural (cerebral) 
vesicJea ; central neural canal and ventricles. 

Area vase ulosa, Punctum saliena. Primitive tubular heart ; 
primitive or vitelline or omp halo- mesenteric circulation; 
its partial persistence as vena porta; and affluents. 

Head and tail folds ; lateral folds. Pinching off of embryo 
from yelk. Formation of primitive alimentary canaL Fore, 
mid, and hind gut. Vitelline duct. Yelk sao or umbilical 
vesicle. 



. LECTURES OS PHYSIOLOGY. 

Formation o/ccelom or body cavity. Splitting of meaobLiat 
limits, cephalad and caiidad. Closed pi euro-peritoneal spaci 
a, great lymph -sao. Endothelium. Somatoplevi 
Splanchnopleure. 

Notochard.. Frotovertebrm. Limb». Development of the several 
organs from the three layers of the blastoderm {Table 35). 

Formation of Amnion from Epiblast. Internal byer or 
amnion proper with subamniotii: liquor amnii. External 
layer or " Chorion." 

formation of allantoii from hindgut. Bladder, umehuB 
and external allantois. Allantoic vessels. Incorporation 
with " chorion." 

Evolution of uterus after impregnation. Muscular fibres : 
arteries, sinuses. Mucous membrane : decidua : muciparous 
glands : uterine " milt : " uterine crypts. 

Formation of villi over ovava {Chorion frondosum). Im- 
plantation in uterine crypts. Fcetal and maternal placenta. 
Allantoic (umbilical or " fcetal-placental ") arteries and vein. 

Degree of union of fojlal and maternal elements of placenta. 
Caducous or non-caducous raucous membrane, Deciduate 1 
or noa-declduate placenta. 

Form of placenta. Diffuse, i.e., chorion frondosum scarcely 
differentiated. Zonular and zonary, Cotyledonous. Bell- 
shaped. Discoid. Pliicenta and chorion leve. 

F(ETAL PBrsioLOGY. — Nutrition : from mucus — uterine milk ? 
— albumen — food-yclk, directly through vitelline duct and in- 
directly through vitelline veins. From maternal blood. No 
digestive ferments secreted. Storage of fat and of glycogen. 
Ciraulatvm, — Ftetal heart : ductus arteriosus and foramen 
ovale, liver, ductus venosus and umbilical vein. Respiration. 
Difi'usion of gases in placenta ; distribution of aerated, un- 
aerated and mixed blood. Expansion of lungs at birth, 
Secretion. Meconium: smegma; urine. Btt/d nee of nutri- 
tion and of energy. Fcetal movemenla. 

Chronology of the chick in the egg and of the human 
fo2tus in u:ero (Tables 34 and 35.) 
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L THE TEBM PHYSIOLOaY, 

This word occurs in classical Greek in its original meaning of 
the science, discipline or reasoned discourse, concerning nature 
— natnral pliilosophy in the widest sense. So (^uo-ioXoyia and 
(jwa-ioXiyos and their derivations were nsed by Aristotle and 
Plutarch, and also by Cicero : " naturce ratio quam physiologiam 
Greed voeant" (de Nat. Deorum, i. 8). 

" Physiologus " was the title of one of the most popular 
books of the middle ages (8th-i4th cent.) in the sense of " The 
natural historian;" but already natural history was chiefly 
concerned with animals, and the French translation was named 
" Le bestiaire." The author is unknown. Beside Greek, Latin 
and Oriental versions, it was twice translated into English. 
17 beasts are enumerated, including mermaids, 14 birds, 8 rep- 
tiles, and 2 insects, beside a few trees and minerals. See Cams : 
Geschichte der Zoologie, pp. 108-145. 

** Physiology '* was used in the general sense of Natural Philo- 
sophy by Boyle about 1670, and even a hundred years later 
Johnson defines it as " The doctrine of the constitution of the 
works of nature.'* But I find the word in its modern acceptation 
of an account of the uses of the parts of the body, in Browne's 
"Institutions in Physick," London, 17 14: and Haller in the 
middle of the i8th century applies it as we now do. 
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2. CLASSIFICATION OP THE SCIENCES. 

A. Ideal or Abstract Sciences : subject matter, forms of thought. 

I. Mathematics. 

Conceptions of space — Geometry. 
Conceptions of number — Arithmetic. 
The science of number applied to forms in space — 
Algebra, &c. 

II. Logic — the science of the laws of reasoning. 

III. Metaphysics — the science of real existence. 

B. Beat or Material Sciences : subject-matter, sensible objects, 

i. Descriptive Sciences : " Natural History." 

I. Astronomy, as a science of observation. 

II. Geology and physical geography (Erdhunde), 

III. Mineealogy and metallography. 

lY. Descriptive Biology. 
Botany. 
Zoology. 
Anthropology. 

Anatomy — Histology — Embryology. 

ii. Exact Sciences : " Natural Philosophy,*^ 

I. Physics : dealing with masses of matter at rest or 

motion : statics : dvnamics. 

II. Molecular Physics. 

Dynamics of radiant energy — Electricity — Mag- 
netism. 

in. Chemistry : dealing with atoms. 
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iii Applied Sciences, 

I. Astronomy : applied mathematics and physics. 

II. Theory op the earth : applied physics and chemistry. 

III. Inorganic Chemistry. 

IV. Physiology : application of physics and chemistry to 

organic functions. Vegetable — Animal — Human 
physiology. 

Comte's " hierarchy of the sciences " is as follows : 

Mathematics. 

Astronomy. 

Physics. 

Chemistry. 

Biology. 

Sociology. 

This classification (founded on the earlier attempt of Des- 
cartes) is, as Mr. Herbert Spencer has shown, unsatisfactory in 
that it compares " Sciences '' of different kinds — abstract and 
concrete. 
Spencer's own classification is into : 
(i) Abstract Sciences ; Logic and Mathematics ; 

(2) Abstract Concrete Sciences : Mechanics ; Molar (including 
Statics and Dynamics) and Molecular (including Chemistry 
and the Dynamics of Light, Heat and Magnetism) ; 

(3) Concrete Sciences : Astronomy, Geology, and Biology. 
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3. CHAEACTEHS OP THE ORGANIC KINGDOM. 

1. Chemical 

Pew olements : complex combinatioaa- 

Carboa compounda. 

Colloid condition : abundant water; rounded forms. 

2. St)iietural 

Cells and their derivatives ; differentiated tissues, neither 

amorphous nor cryatalliae. 
Symmetry : spiral, radial, bilateral, serial. 

3. Functional 

Cycle of changes. 

Origia from a parent organism : growth ; assimilation ! 

decay; death. j 

IiTitability : movement ; heat. I 

Eeproduction. I 



4. DISTINCTIVE CHARACTERS OF ANIMALS 
AND PLANTS, 

1. Chemical 

A. predominance of ^ componndB. 

P. „ starchy do. Cellulose tunic to each cell. 

A, Presence of Hasmoglobin. 

P. „ Chlorophyll. 

2. Siructural 

A. Digestive cavity. Nervoua and mnecnlar tissues. 

3. Fwictional 

P. Nutrition from inorganic food. Fisatiou of 0. 
A. „ „ organic food only. 

A. Functions of relation predominant 

NoTB.^The group of Fungi form esceptions to many of the 
above characters ; (l) in being without chlorophyll and feeding 
on organic food ; (2)inhaying alargeamount of ff anddeficient 
carbohydrates. Carnivorous plants live partly on organic food. 
A few animals contain chlorophyll — c.ff.. Hydra viridis. 
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5. AHATOMICAL CHABACTEBS PECULIAR 
TO MAN. 

The diBtinctiona between Man iiiitl the lowur animals, so far 
ia Btructnre (foes, are not of ordinal value, as Cuvier held 
(Bimoiia), atill less of aubregnal importance (Owen : Arch- 
eacephala). 

Exclnding the Lemurs and their allies, aa a separate order 
{Proeimife), the order Primates includes the varietiea of the 
baman race — which form a single species, genus and family — 
along with the families of apea. The group of catarrhiae apes 
which approaches nearest in structure to man consists of the 
goril^ and chimpanzee {Troglodytee), the orang {Simia or 
Filheous), and the gibbons (Hijhbates). 

The characters of the hair, aknll, teeth, vertebrse, pelvis and 
tarana, of the muscles, the brain and the genital organs, which 
distinguish man, are given in Huxlej'a " Anatomy of Verte- 
bratfl Animals," pp. 4SS-492, also by Mivart ("Lessons in 
Anatomy," p. 494) and Macalister (" Morphology of Vertebrate 
Animals," p. 334L 

The comparative shortness of the forearm, the non-opposable 
groat toe and truJy plantigrade foot, the large and completely 
convoluted brain, the smooth adult skull and laT>;e facial angle 
— are the most striking externa! human characters. 

The peimanentlj erect attitude, and the posseasion of articu- 
late speech are more important functional peculiarities. 

But the deep and broad distinction between man and brutes 
ia intellectual and moral, not corporeal ; for, aa Bacon remarked 
long ago: "Man is of kin to thebeasta by his body, and if he be 
not of kin to God by his spirit, he ia a base and ignoble creature ' 
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' 6. DEFINITIONS OF DISEASE. ^ 

Many and futile liave teen the attempts to define Health or 
its opposite, Diseaae, Boti are Hubjective terms, and therefore 
not definable by precise predicates, but applied in accordance 
with individual feeling. 

" Disease " is "discomfort." Whatever causea bodily uneasi- 
ness or whatever by experience will sooner or later cause it, 
whatever interferes with our bodily functions, whatever tends 
to death, is disease. Health is the opposite condition, of 
comfort, ease, and ability to eat, sleep, move and perform the 
other functions of life. 

Diseases have only this in common, that they all interfere 
with comfort or shorten life. There is no common canse for 
the pains of inflammation, of colic and of mechanical injury. 

No line can be drawn betweenhealth and disease. Pathology 
is only physiology under various disturbing causes. Decay and 
death are as much physiological events as birth and life. 

All diseases imply two things— an existing canse, qjiidguid 
in-itane, mechanical, thermal, chemical, parasitic, infective, or 
of unknown nature ; and a reacting, living organism, quidqwUi 
iirriiabile. Stone in the bladder is not the disease ; the disease 
is the reaction of the body. The severest injuries, the most 
virulent poisons, produce no disease in a corpse. 

There ia a tendency after disturbance to return to the pre- 
vious condition, if the eqnilibrinni has not been too violently 
npset This tendency has been called Vis medlcatrix Naturm ; , 
but there is no such force, and the so-called "eftorta of Nature" 
often aggravate instead of curing the mischief. Our mortal 
bodies are not made to last for ever. 

It is clear that if disease is not a single state nor the rennlt 
of a single cause, it cannot be removed by any single method, 
or on any universal principle. 

Hence all " Systems " of Medicine, like all " Hniveraal reme- 
dies," are of necessity false. latro-mechanical and iatro- 
ciiemical schools, Brunonian and Antiphlogistic theories. Allo- 
pathy and HomiEopathy, are all equally unreasonable; not 
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wrong HolutioQB of a scientific problem, but ignorant 1. 
to an absnrd qaestion. 

The rational physician inveBtJgateB each case of disease to 
ascertain its seat, its nature, and, if possible, its cauae, and 
treats it accordingly— ior-pti^et Yap i"^' "otrra. 



. OBSEHVATIONS AND EXPERIMEHTS ON 
ONESELF. 



Compare weight, height, and jjirth of chert. 
Ascertain weight of solid food and amount ol' water daily taken. 
Taniperatnre of body on rising, after food, at 8 p.m., and at 
6 and 9 A.M.* 
Pulse, radial, popliteal, digital. Sphygmographic tracing. 
Cardiac impnlae, its variation with respiration and with pos- 

Bespiratory moTements, seen in a glass and meaanred by a tape. 

Auscultation (with fleiible stethoscope) 

of respiratory pulmonary murmur, of bronchial and tra- 
cheal sounds : of cardiac sounds : of bruit muscalaire. 

Beaction and chemical chamctora of saliva, 

Keactiou of sweat. 

Quantity, reaction and specific gravity of urine — in hot and 
cold weather, after sleep, after food, after TCgetable diet. 

LaryngoBCOpic examination (on one another). Production 
of naaal and other consonants. 

Difference of height at beginning and end of day. 

Expansion of foot in standing and of hand in grasping. 

Enee-jerkandanperficialaod deep reflex movements \ on 

Relative sensibility to touch and temperature of } one 
varioDS parts of skin ) another. 

Movements of pupil to light, to aecommodation. Purkinje'ji 
figures. Optical illusiocB as to form, light, colour. 

■ Tliii most convenient waj of rspldlj taking the body tflmparaturo is to 
place [be bnlb of a, Ihermomoter in tbo streun uf nrine daring micturitlua. 



S. CONSERVATION OP ENEBGT. 

Force is defined as whatever chubsb or altsre mocmnetitf 
Energy, bh the power of doing worh. 

PorooB are nnmerioally estimated by the amount of motioa 
they can prodnce or deatroy in a unit of time — i.e.,hj the rate 
at which they can alter motion. 

Work is measured by the product of the force acting into the 
distance moved through. 

The seTeral kinds of energy, mechanical, chemical, thermal, 
electrical, are co-related — i.e., each ia capable of converaion into 
another. Energy is auppoaed to be, hke matter, iudeatruotible. 
Machinea only nac eiistiug energy by transforming or applying 
it — e.(/., steam-engine, heat to motion ; match, chemical energy 
to heat and light : battery, chemical to electro-motive energy. 

Benj. Thompson (Count Enmford) first showed that the heat 
produced by friction is proportioned to the mechanical energy 
employed. Oersted discovered how magnetism may be got ont 
of an electrical cnrrent. Faraday how an induced electrical 
current may be got from a magnet. Dr. Mayer, a medical prac- 
titioner of Hcilbronn, expounded the theory of conservation of 
energy. Joule, of Manchester, determined the mechanical 
equivalent of heat. 

There is every reaaon to believe that vital energy is trans- 
formed chemical energy, taken in with food in a latent stat* 
and made kinetic in the two correlated forms oE energy, heat 
and motion. And the chemical energy of food is the radiant 
energy of the san's rays, rendered latent by the leaves of plants. 
So that the hnman body may be regarded aa a machine for 
rendering latent energy kinetic : i.e., for setting free the energy 
locked up in the complex moleculea of starch, oil and albumen, 
by breaking them down into the simpler and more etable mole- 
culea of water, carbonic acid and urea. Energy is thus liberated, 
and appears as heat and movement. 
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d. THE VISCEBAL OB BBANCHIAL ABCHES, 

CLEFTS AND NEBVES. 

I. Lacrymal deft 

Between frontal and nasal arches. 
Supplied by first div. of trigeminal nerve. 

IL Nasal cleft 

Between nasal and maxillary arches. 

Supplied by bifurcation of oculo-motor or "third" nerve. 

ni. Oral Cleft 

Between maxillary (including prsB-maxiUa, maxilla, pala- 
tine, and pterygoid) and mandibular arches. 

Supplied by bifurcation of trigeminal nerve or " second 
and third division of fifth." 

IV. Tympanic (or spvracular) cleft with Eustachian tube 

Between mandibular and hyoid arches. 
Supplied by bifurcation of portio dura. 

V. First Branchial or second post-oral cleft 

Between hyoid and thyro-hyoid arches. 
Supplied by bifurcation of glosso-pharyngeal. 

VI. — VIII. Second, thi/i'd andfov/rth branchial clefts 
Supplied by successive branches of vagus. 
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10. TABLE OF THE BONES, WITH THEIR 
HOMOLOGTJES. 

VBETEBRAL- AXIS (columna apinaUt). 

Cervical vertebra) ; witlioTit ribs reaching the etemum. 

Thoracic or dorsal : with ribs attached. 

iMmiha/r; thoracic vertebrie without riba. 

Bacral or pelvic : vertebraa united with ilia, with any othere 
Buchjlosed with them (eg in huma.n sacrum). 

Oaudal : free post, pelvic vertebrae, called c 
and anthropoid apes.* 



occygeal i 



SKULL, 



Consisting of (i) the central axis, formed hy tie prolongution 
of the notochord and its sheath; an investing cartilaginoua mi 
prolonged beyond the end of the notochord in the post, chnoid 
prs. and incorporating with it the trabeciil:e cranii ; (2) a series 
of jieurai (dorsal) orc/iesforming the vault ; I3) aBerieeotiMseero/ 
(ventral) arches forming the jaws, and hyoid and branchial car- 
tilages ; (4) ertemal epliat-boneg ; (5) three seiiBe-capmilff 
wedged in between the segments. 



A Vektebiu a 



S SMI 



Cenlnan or body: tbe osBified notachoiil, or mther iU diB&th. 

Znceri^iral substance : the uaoaaified nolocliord. 

Neural ordonal arch: pedicles. kmllnD Uld Bpine. 

Bitinal arch.- chuvrou or V-bcmes (sbBeiit in mail]. 

Siperior tnmsrerie pnxeisea, or Dinpopliyaes : poat taboraieB of cervioill iT. 



, InffTfor On. or 



3. of dorsftl vfirtebrffl. 

LTspopbyees : uut. tubercleB of ccrvicB.1 tr. pra. tmd tr. prs. J 

,=cervieal aud lumbar ancbjlased ribs. 



Ifflapopkyies. or mamuuiliuy prs. 
Posterior igsi'pophysea — inf. articnlar prB, 
ir poBt-n^^pophyaoB, 
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THOEAX. 

Vertebral ribs bony ribs. 

Sternal ribs costal cartilages. 

PrsBstemum or rostrum . . . manubrium. 

Epistemum or inter-cla- part of clavicle (?) with irter- 

vicle clavicular ligament. • 

Mesosternum gladiolus. 

Xiphisternum ensiform cartilage. 

LIMBS. 
TJppEE. Lower. 

1. Shoulder-girdle answers to Pelvis, 

Scapula „ Hium. 

Supra-scapula (epiphysis) „ Supra-ilium (epiphysis). 

Co.racoid bone (anchylosed) „ Ischium. 

Clavicle „ Poupart's ligament. 

2. Upjper arm : humerus „ Thigh : Femur. 

3. Forearm : ubia „ Leg : Fibula. 

radius „ Tibia. 

4. Manus „ Pes. 

Eadiale or scaphoid „ Tibiale | Astragalus. 

Intermedium or lunar „ Intermedium ) 

Ulnare or pyramidale or 

cuneiform „ Calcaneum. 

Centrale (absent in man) „ Navicular or scaphoid. 

Carpale i. or Trapezium „ Tarsale i. or Entocunei- 

form. 
ii. or Trapezoides „ ii. or Mesocunei- 

form. 
iii. or Magnum „ iii. or Ectocunei- 

form. 
iv. & V. or Unci- iv. & v. or Cuboi- 

form f, dis. 

Metacarpal sand phalanges „ Metatarsals ^nd phalanges. 
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U. TABLE OF THE ELEMENTS IN THE 

HUMAN BODY. 



C 12 tetrad 
N 14 triad 
H I monad 
O i6diad 



— in proteids, fats and carbohydrates, as 

carbonic anhydride and as carbonates. 

— in proteids, in crystaUine compounds and as 

a gas. 

— in proteids, fats and carbohydrates and as 

water. 

— in proteids, fats and carbohydrates as oxy- 

hsBmoglobin, as a free gas and as water. 



S 32 diad — in proteids, in a few crystalline compounds 

and as sulphates. 
P 31 pentad — in lecithin and as phosphates. 

CI 35*5 monad — as chlorides. 

F 19 monad — as calcic fluoride, probably in form of apatite. 



Na 23 monad 
K 39 monad 
Ca 40 diad 
Mg 24 diad 



as salts, chiefly in liquids. 
as salts, chiefly in solids, 
as salts. 
as salts. 



Fe 56 tetrad •— in haemoglobin and its derivative pigments. 

Also a minute but constant amount of Silica in epidermis. 

Traces of Manganese with iron, of Lithium with potassium, of 
Aluminium and of Copper have been detected. 



12. TABLE OP PROXIMATE AWIMAL 
PRINCIPLES. 

A. NlIBOGENOUS 

i. Proteids or albummoas compounds. 

Semm (or blood) ftlbumin. 
Egg (or OV-) .Ibnmin. 
Vegetable albumin. 
OlohitUiiB 

Semm (or para-) globulin. 
Fibrinogen — F ibri n . 
Cryatallin. 

Myosin or muBcle-globulin. 
Vitellin or yelk-glob nliii. 
AlkaU-albuminB — Caaein — Legnmin, &c. 
Add-aibum/ins — in digostive cavities atone. 
Peptones — digested albaroina. 
ii. CoiloidnitrogenouBcompounds.nioroorleasreBembling I 
proteids. 
f Mucin. 
< Ohondrin, (?). 
I Oelaiine. 
Ulaaiin, Nttclein, Keraim and other uncertain com~ 
ponnda. 
iii Crystalline proteid body containing iron. 



. CryataUine compounds mostly resembling amides. 
Urea, uric acid, gh/cin, teucin, tyroein, &c. 
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B. Non-nitrogenous 

i. Fatty compoimds (glycerin ethers). 

Pahmtinj 8tea/rin, Olein, with traces of Caproin, &c. 
Iiea^^m(di-stearyl-glycerophosphate of neurin). 
Cholesterin (a monatomic alcohol). 

ii. Carbohydrates 

Amyloses (ethers) — Glycogen or animal starch. 
Glycoses (alcohols) — Dextrose and loevulose, Maltose, 
Sucroses (alcohols) — Lactose, 
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13. CONSPECTUS OP THE MOST IMPORTANT 

CHABACTERS OP THE PRINCIPAL 

CARBOHYDRATES. 



Name. C H Water. Alcohol. 

Chtm (Arabic Acid 

K & Ca) 6 lo 5 sol. iusol. 

Cellulose (Lignin). 6 lo 5 insol. insol. 

fif^arcA (Granulose) 6 10 5 "sol." 

Animal Starch{G\j- 
cogen) (610 5)3 "soL" insol. 

Dextrin ("British 
gum") (610 s)a sol. insol. 

Dextrose (Glycose) 6 12 6 sol. sol. 

Leevulose (Frac- 
tose) 6 12 6 sol. sol. 

Galactose (artificial 
prodact) 6 12 6 sol. sol. 

Inosit 6 12 6 sol. 

Maltose 12 22 zi sol. sol. 

Lactose (milk 
Bogar) 12 12 iz sol. 

Sucrose (cane 
sugar) z2 22 zz sol. 



Diff. ^r Iodine. ^ Chaoged 

colloid — ... ... — 

colloid + blue (at ... glycose. 
80°) 

colloid + cherry ... maltose & 

(at 60°) glycose. 



• •• 


+ 


claret 
(at 65°) 


• •f 


do. 


cryst. 


-*- 


••• 


re- 
daces 


alcohol. 


cr. 


— 


• •t 


re- 
duces 


do. 


cr. 


— 


• •• 


re- 
daces 


do. 


cr. 
cr. 


• •• 

+ 


• •• 

• • • 


• ••• 

re- 
daces 


• • • 

do. 


cr. 


+ 


• •• 


re- 
duces 


lactic ac!d. 



cr. + 



^^^^^H 
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14. PPLUGER'S TABLE 

Of the effects of making and breaking a constant Galvanic 
Circuit, aeceniling or descend! a g (I'.t., centripetal or cen- 
trifngal) througli a muscle-nerve preparation. 


ElHitro-nintiie force 


Uesoendtaf Current 


Asc^diog Carrent | 


DOnplcd. 


(closlcsoMlt.) (opBnmgdo.) 


(Coring (onlr.) (Dpeninsdo.) 


Very weak 

Weik 

Stronger 


Contriietion ... None 

Cootr None 

Contr CoDtr. 

Contr. Oantr. 

Contr Contr. 


Contraction Nona 

Contr Nona 

Contr None 

Contr. Coiitr. 

None Contr. 

Noiie(iecoilblook)Contr. 1 


Strong 

Very strong 


o,«™ 


Deductions. A deBConding current is more el£cient than an fl 
aacending one. The stimulus of making is more efficient than 1 
that of breaking th,e circuit. Efficiency increases with electro- 1 
motive force up to a certain point; then blocks interfere. 1 
Conductivity of nerve is increased by oatelectro tonus and di- 1 

General Law. Electrical stimuluB conaists in the passage of 
nerve or muBcIe from a lower to a higher state of irritability, J 
i.e.. either (i) rise of catelectrotonua or (2) fall of anelectrotonus. 
Of the two, the former is the more efficient stimuins. 

Nolatiim.— The results set forth in the above table are con- 
veniently stated thus : CCC (or KCC) means cathodal (Cathodal) 

traction follows; ACG^anodal closing contraction— 1>. on 
making an ascending current, a contraction follows; OOo = 
on breaking a descending current, a weak contraction; A00 = 
on breaking an ascending current, no contraction; COT = on 

1 
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15. LAWS OP DirrUSION OP LIQUIDS 
THROUGH MEMBRANES. 

CrystaJline Holutiona diffuBe better than colloid. 

Acid solutions better tlian atiatral. 

AqueoTia solutions better than. oUy liquids. 

With two diffusible solutions the greater cnrrant is from that 
of less to that of greater specific gravity. 

The membrane mnst be " wetted " by the liquid. Hence 
soaps facilitate the passage of oils. 

Difference of pressure on the two stides of the iiiembi"aiie 
modifies the above rules. 



16. COMPARISON OP LYMPH, CHYLE AND 
BLOOD. 



eaelioH neutnil or 

n, gr little above 



Fibrin shaent . 

^"'W ! trace .... 



Blood. 

.. alkaline alkaline 
■ 1015 '05s 

.. 900 800 (pro 11 



■ 70 



.. feworikbfteat nbundnot mora bo... IcSB ftbundant 

.. absent absent abaent ... about 4 million* 

to «acb gquara 
millimetre 




17. PHYSICAL LAWS AFFECTING THE 
CIHCULATIOH". 

1. Gravity — Weight of the hlooi Inertia of the blood; of 
the veaselB Weight of air — ntmos^lieni. pi PBsivre. 

2. Blood (hke water) almost atsolutely meompressiblB and 
inelastic 

3. Blood (hke water) tranimtta pressure Equally in every 
direction,— i c , the molecules oi a liquid move freely among 
each other 

4. Blood, under presaure hiouph iii the direction of the least 
registance 

5- Friction of liquid movuig m dosed tabes ; estemaj be- 
tween wall and liquid internal between layers of liquid (the 
latter may be neglected) Effect in causing a slow current ex- 
ternally and the most rapid in axis of tube. (Current of a 
river slowest near banks, swiftcat m mid-atream.) 

6. Qaamtity oS a given liquid diBcharRed in a given time from 
tabes depends {1) on the average velocity of the whole stream, 
(2) on the calibre of the tube — i.e., the square of the radius 
umltiplied by jT (y or 3' J ^15927), (3) on the length of the tube. 

7. The Velocity varies (neglecting friction) as the moving 
energy (ma viva). It may bo measured by the difference of 
pressure at the two ends of the tube, if the latter is leas than 
0-5 mm. iu diameter. Where the moving force, like the con- 
traction of the heart, is intermittent, the velocity varies with 
its energy and freqnency — i.e. as the mean pressure at the 
proximal end of the tube varies. 

8. Friction for the same liquid (blood) and aama surface 
(healthy endotholinm) depends on the length of tnbe traversed, 
and (for a capillary tube) on the square of its otohs- section. 

9. Elaeticilii of the tubes probably makca little difference in 
tbemean velocity, or in the friction, and none in the total amonnt 
of liquid discharged in a given time. Its effect is only to 
eqaalize the mean presaure and so to convert an intermittent 
into a more or leas constant flow. 
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19. STATISTICS OP THE CIBCULATION. 

The Atnounl of blood in the body ia abont one 13th. or 13th of 
tlie entire weight, i.e., for an average man, abont 12 or 13 Iba. 

Of this abont 10 or 12 lbs. are said to escape after decapita- 
tion ; or 7 or 8 by opening the heart and veins after death. The 
rest remains in the tissues, 

01 the whoie quantity, more than a fourth is in the lieaH and 
great veieela, nearly as much in the portal system, inclnding the 
liver and mesenteric veaaels, and moat of the rest in the muscles, 
fflande and brain. 

The heart containa in each of its cavities approximately the 
same amonnt ; which haa been calculated at 4, 5 or 6 oz. 
Lndwig gives 150 cc, Vierordt 180, Sanderson 195, i.e., 5i-6oz. 
Blood-preasnra ialeft ventricle i>t the horse — during systole — 
estimated at aoomm. (8 in.) of raercnry; in its aorta not much 
less ; 15-20 cm. or 75 inches. In its right ventricU only 25 mm, 
(i in.), and in its B. tutrieh 3-3 mm. In L. ventr. of dog 
140 mm. (Marey). 

Blood pressure in dog's carotid artery 4-7 in. 

„ „ rabbit's „ 2-4 „ 

„ „ sheep's brachial vein 4 „ 

Estimated pressure in human carotid 6-8 „ 

Mean veloeily in carotid of horse 12 in. per sec. 

„ „ metatarsal of horse z „ „ 

„ „ carotid of dog 10 „ „ 

rabbit 5 „ 

According to Chanvean'a observations, the rate varies ex- 
tremely, from 8 to 20 in. per sec. in the horse, and from 8 to 15 in 
the dog. 

Velocity of pulse- wave, 9 metres per sec. 

Time tor complete circulation — from jugular vein to carotid — 
in horse reckoned at 30 soc. (Hering : 28 Poiseuille), and in man 
about the same : in dog 1 5 sec, in rabbit 7 or 8 aeo., in oat the 
same, fowl 5, squirrel 4 (Vierordt). 




Pulse per minuto: in the fcetiia 150 

„ infant 130-150 

cliild 80-ioD 

„ adult 70 

but varying from 65 to 80 or more within physiological limits. 

Id tall persona it is uenally rather slow : in old age somevthat 
quickened. 

20. PHYSICAL LAWS AFFECTING 
RESPIRATION. 

Freegure of air (at sea-level), 15 Iba. to square inch. 
This pressure ads equally in all directions. 
Air, Uke liquids, followe direction o( least reBistance. 
Air eompTeaeible and eladic. 

The volume varies inversely as pressM'e {Boyle's law) at 
constant temperatures. 
IKffuaion of gases — freely. 
TriMi^fiiSMn. — through animal membranes. 
Sohibilify of gases — varies with barometric preasnre. 

„ inversely with temperature. 
Specific solnljility of 

O in serum, at 760 mm. mercury and 0° C. . '04 

CO 179 

N -021 



21. STATISTICS OP RESPIRATION. 

Total capacity of both lungs, about 400 c.c. of air. Of this 
about iDo c.c. is only inspired by effort (" oomplemental " air) ; 
abont 25 or 30 are changed in tranquil phrenic respiration 
(" tidal" air) ; abont 100 are only eipired by muscular effort 
{" reserve " air). Of the remaining 150 (" reaidual " air), some 
escapes on opening the thorax after death and so equalizing 
pressure outside and inside the lung ; while the larger part 
can only be expelled by long- continued pressure overcoming the 
elasticity of the pulmonary tissue. 

Quantity of oxygen inspired per diera, with moderate eicr- 
oise, about 10,000 grains, or nearly i^ Iba. {745 grammes or 
nearly 530 litres). 
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Quantity of carbonic acid gaa expired per diem 
■with muscular work. For a day of moderate € 
been estimated at 12,000 grains, orlrom ij to 2 lbs. (800-867 
gramioea) ; on a day of rest in Pentonville Prisoc, 91 1 grammes ; 
on one of enforced labonr, IZS4. 

Qnantity of water expired per diem estimated at 1 1 fl. oz. 

Frequency of respiratioiiB (while at rest, as iu sleep) : at 
birth, 40 per minnte ; dnring childhood, 25 per minute ; during 
odnlt hf e, 16 or 17 per minute. 



Inspired Air. Expire 

N (bj vol.) 79 ... 79 



Vci,oi 



Arterial Blood. 



22. TABLE OF VOWELS. 



(i.)I 

Eye, or 1 

Short: 






if, also on/pt. 

{2.) A long : as in father, poss 
s ah, or alme, or slor. 

Short : scarcely occurs in English. 

(3.) U long ; as in blue: naually written 
10 soon, also in tvio, to, rule, hlew. 

Short : as in sugar, full, also written 00 s 



Enghsh and written 



a look and wolf. 



latermtdiate vowds .- 
L betneen I and A. 

(i.) E long : as in convey, asaally in English writteo a as 
ale, mate. 
Short : as in then, h«ll. 
(2.) .ffi long; as in there, pear; perhaps only c modified 



hy the following 
Short (German ii^ 
Alfred). 



I mat, .Alfred (old English 
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ii. Between A and.U. 
(3.) CE long: in German I], in French eu ; a 
worm, herb, ftj'at. 
Short ; as in tun, iip, 
(4.) A-broad, long : as 



Short : written t 



a awe, ought, pall, sport. 
English as in poll, Ep'jt. 



iii. Between U and L 

(5.) U long and short in German and « 
provincial in English. 



Diphthongs (all long) : 

(i.) AI nsnaUj written i, i 
(2.) AIT usually written c 



I hind, die ; also buy, by, eye. 
s in bough, noun, also how. 



1, Bjile ; also 



(3.) OU usually writtea 0, as in oi 

soul, low, boat. 
(4.) 01 as in bail ; also bo;/. 
Semi-voweh : 

(l.) I short, preceding and coalescing with any other vowel 

or diphthong: written y as in ye, yard, you, yea, 

yearn, jawii, yacht. 
(2.) U short, precedent : written w aa in wet, n 



23. TABLE OP CONSONANTS. 

Debtals AMD Sibilants 

(tongne ond incinors 

ar bard piUatti). 



(lips 


ind incisors) 




mule Tocal 




.!■ B 






rfaonalor qpra 
Irltled l/igutde) 
<«pir«ted 


M 




W 






(thin) [(be) (IwH) (lough) 

I H Y 

Mntes and vocals are interchanji^ed by Welshmen 
and by Germans in speaking English. 

When the nares are obstructed, M becomes B ; N, D ; and 
NG, G. 




That L is related to D is shown by 'Obvirirrvs becoming TJlijBiies, 
and hatpvov laeryraa. 

That B 13 related to S is shown by dialectic forms like 
Suppos for 6apao's and variations such as a/rhor and arhoe. 

The relation of sibiJanta and dentala is shown by children's 
tali and by dialectic forms Uke flaXun-a for 0ak6aaa. 

The leiation of the labiala and gutturals Eind dentals among 
themselvea is shown hjioxmeVika Pater, Father, Vaier; Tochter, 
Daughter, Bvydnip ; Toaih, Bens, ZoJtn ; Tlwee, Tree, Brsi. 

W is a weakened V, as heard in vnlgar English. H is a 
weaiened CH. ; thus ifnm ia in Greek x^P-> ^tintndo x'^^^^"' 
hieitiB xc/iu)"- 

T is a weakened GrH, as in Berlin pronunciation. The old 
English y as a prefix of a past participle is the German ge. So 
yainn ia gahnen, yesterday Gestern, yellow gelb. 

The English alphabet ia both defective and redundant. 
We have lost the old English signs for the vocal and mute aspi- 
rated dentals ; t (th as in thick) and 3 (tb as in then 
abanrdly printed and etill more absnrdly prononnced y in the 
word the. We have no single symbols for the two aspirated 
Bibilants 8h (^German sch) and Zh (=Prench j) as ia azure. 
The aspirated gatti^als are not English Bounds. CH is the 
Greek x ^"'^ ^^ German o^, and th e north English dialect 
retains the sound : e-g., loch. GH is the German g-final and 
appears in the Irish form of the word late or loch, lough. 
' HedundantlettersareC=KorS,J'— DZh, Q=K, X = KS. 

The vowels and diphthongs are estremely irregular; A has 
bean generally softened into E, and B into I, while I long has 
acquired tlie sound of the diphthong AI. One reason for these 
anomahes is that, while Southern 'pronunciation has predomi- 
nated in polite English, many of the loritlen forms are Northern, 

The alphabet (Enghsb, Eoman, Greek, Phoenician, and He- 
brew) is not a haphazard arrangement of signs, bat a series of 
quaternions, containing each a vowel, labial, guttural and dental, 
liinB:— 

Vowels A E I U 

Labials B F(digamma) M P V (phi) 

Gutturals C(gamniolG K Q(koppa)X (ehi) 

Dentals D (theta) L N EST Z 
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24. EFFECTS OF 8TABVATI0N. 

Eeaults of observations by Chosaat and bj Voit. 



The heart loses least weight, onlj 
The brain also after death has loat only 

The bones 

The blood the same as the whole body . 
Lunga, 17 ; skin, 20 ; kidneys, 25-30 
Muscles (diaphragm least) . 
Liver about half ita weight . 

Spleen 

Adipose tissue turned into connective tie 
by losing all ita fat, or . 



2-2'5 per cent. 
z-3 per cent. 



30-40 par cent. 

50-55 

65-70 



25. BALANCE OF HEALTH. 

Income. 
Food, iJ-2 lbs. 
Water, Oh, or 5 lbs. 

Oxygen gas, ij lbs, or aboiit lo.ooo grains. 
Deduct the undigested matter passed as fteces, abont 3 

Outgoingi. 

By the lunga : 

C {as COj) 250 grammes, 01 

Water as vapour . . 330 c.c., or 

By the skin : 

Water as sweat and vapour . 660 c.c, or 
Besides trace of salts and N. 

By the kidneys : 

Water 1700 c.c, or 

Salts 20 gr., or 

Urea 3°-33 B^-j t 



7ioz. 
9 .. 



26. TABLE OP AVAILABLE ENERGY IN OlfB 
GBAMME OP VARIOUS ARTICLES OF DIET. 

One gramme (iS'432i grains) of potatoea yields about looo 
(997-1013) gramme degrees C. or Centigrade heat anita or 
" oaloriH," i.e., it would raise abont 1000 c.c. or I litre of water 
from freezing point to 1° C. Or, multiplying by Joule's " me- 
cbanica! equivalent " of heat 424 we have 424,000, i,e, the same 
energy wonld lift that number of grammes (or 424 kilogramB) 

One grauuDB 
J)ried. potatjea yields <„ 3700-3753 tfaennal unita 

*'1'>«^ 3850-3950 

Dried white of ogg 499B 

Dried baef muscle 5313 

OeUtin 4520 

Un» 2105 

Btw«h„ 3813 

BngMT (dextrose) 3277 

JUeotol 7076 



27. BALANCE OP ENERGY. 

Income. Supposing a man to eat 100 grammes of proteida 
in the shape of lean meat, the same weight of fatty matter as 
bacon or butter, and 250 grammes of starch as potatoes and 
arrowroot eooked in various ways, beside the non-oxy disable 
water and salts, he wiU be taking ia aa available energy, on 
Pranilaad's reckoning (which differs slightly from the figurea 
given in Table 26), the following. 

By meat, 5 103 x 100 heat nnits. But the animal body cannot 
oiydise proteid food down to 00, HjO and NH,. The nitrogen 
ia excreted &s urea, in bulk about a third of the proteida eaten. 
Urea has an (unnaed) energy of about 2206 thermal units. So 
deduct ^ of this, to allow for the unexhausted energy of the 
proteids, represented by the urea they are reduced to. 
Then the 100 grammes of meat will yield — (5103— '^j X 100 
or 436,800 heat units 
100 grammes of fat will yield 9069 X 100 or 906,900 heat unite 
And 25ogrammeB0f amyloids 3912 X 250 or 978,000 beat units 



k 
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So that the amount of daily energy taken in, thus entimated, 
cornea to, say 3322 kilogram degrees {= 984,528 kilogram- 
metera in terms of work). Similar calcnlationa by Fick yielded 
2600-2^00 kilogram degrees, by Eanfce 2200, by Bairal 2706, 
and by Helmholtz 2700, 

Oatgoinge. These cannot he estimated no exactly even in 
theory. A " day's woi'k '' has been reckoned at 450 foot tona, or 
1 50,000 kilogrammetera. But this is only eiternal work. The 
internal work of the heart, diaphm-gm, &c., only appears as heat, 
and we cannot separate this heat of frictioa from that directly 
produced by oiydation. The total heat evolved in 24 honra 
with a fair day's work has been estimated at more than tvro 
million heat units— 2,061,320 or 2,733,472. See next Table. 



28. OUTGOINGS OF HEAT. 

1. By warming the air taken in — otherwise put as "by loss of 
the warm airespired." 

2. By warming the food and drink taken iu — otherwise put as 
" by loga of heat in the urine and ffecea discharged. 

3. By heat becoming latent in ernporation in the Innga and 
skin. 

4. By radiation and conduction from tlie esposed parta ot 
the body. 

The proportionate amounts have been estimated afl follows by 
Barral, Bulong and Helmholtz in (centigrade) thermal units : 



By wnrming food ... s^-S™!" ='3 

137 wannin); sir In- 

aplrtd ioo,Booor 37 

By Ev«|iorBtloii from "j f 

^^e* I ..□oonoorscsJ 

Bj ETBporatlon from f 700.0™ "^ 25 3^ 

By CoDdnvtloD uid 

It&ilLiitlOD i,Bio,ooooc67'5 



3,673-3^ 
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29. TEMPERATURES. 

PaLr. Cent. 

230° Hot dry air has been borne without clothing . 1 10 

225 Chamber used by Drs. Blagdon and Fordyce . 1072 

212 Waters boils at 30 in. (760 mm.) pressure . icx> 

194 Sodium melts ....... 90 

(Lead at 334°, Iron at 1,000° or upwards) 
183 The highest point of coagulation of serum- 
albumin 84 

1 70 Coagulation of serum-globulin * * - 11 
160 Coagulation of ordinary serum-albumin . 73 to 70 

158-150 Hot air bath 70-65 '5 

137 Potassium melts ...... 58 

55 

50-46 

46*1 

4475 

44 

43*5 

43-38 
405 



131 Stearin melts 

1 22-1 15 Warm-blooded animals die 

115 Observed in scarlatina by Woodman . 

1 1 2' 5 Observed in tetanus "hj Wunderlich . 

Ill Normal temperature of the swallow 

I io'3 Highest temperature certainly recovered from 

1 10-100 Hot bath 

105 Normal temperature of squirrel 

104 High febrile temperature in man ; normal in 

sheep 40 

io3'5 Blood of hepatic vein (Bernard) . . . 397 

103 Normal temperature of rabbit . . '39*5 

101*5 Blood of right auricle 38*6 

I oo' 5-99 '5 Normal temperature of dog . . . 38-37*5 

99 Normal temperature in human rectum . . 37*2 

97-5-98-6 „ „ „ mouth 

986 „ „ „ axilla . . 37 

95-98 Subnormal temperatures .... 35-367 

95-86 Tepid bath 35-30 

90° Ether boils 32*2 

60-59 Warm air : cold water :" temperate '* . . 15 

60-50 Cold bath ....*.. 15-10 

32 Cold air. Ice melts. Water freezes . . o 

Note. — To turn Fahr. " to 0. ° subtract 32, multiply by 5, and 
divide by 9. 

To turn C. ° into Fahr. " multiply by 9, divide by 5, and add 32. 
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30. TABLE OF CENTRES AND GOMMISSUBES . 

I. Continuous axial tract of grey matter surrounding the 
neural canal: viz., grey matter, of cord, of bulb, of 
mesencephalon around aqueduct, and of third ventricle. 

Transverse commissures : white between anterior 
cornuaof cord. 

Longitudinal : antero-lateral white columns. 

II. Thalami 

Transverse commissure : posterior of third ventricle. 

III. Corpora striata 

Transverse commissure : anterior of third ventricle in 
part. 

Eadiating commissure with cortex of hemisphere : 
corona radiata, 

IV. Olfactory Bulbs 

Longitudinal commissure to I. and III. (nervus olfac- 
torius.) 

V . Cortex of Hemispheres 

Transverse commissure : Corpus Gallosum, 
Longitudinal arched commissure : Fornix. 

VI. Cerebellum 

Transverse commissure ; Pons Varolii, 
Longitudinal to grey matter of cord : C. restiformia. 
Longitudinal to grey matter of mesencephalon : Pr» 
e cerehello ad testes. 
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31. PHYSICAL PBOPERTIES OF LIGHT. 

Quantity: or extent of illuminatad surface in tlie field of 
Tisioa, intenaitj of illmaisation. 

Intessity : dependa on amplitude ot vibrations of ether. 

CoLOOB : depends on number per second of vibration a of ether. 

Perceptions of colour depend upon (i) Tone, tint, or hue — i.e. 
the actual length of the vibrations ; (2) Saturation or depth 
or purity of hue ; (3) Illumination or brightness, or intenaity. 

Bays ot light move in straight lines, and are reflected or 
absorbed or transmitted by every object on which they fall. 

Partial and total reflerion : regular and irregular refieiion. 

Angle of reflexion equal to angle of incidence. 

Angle of refraction, different for differont transparent media. 
Index of refraction /a, ia the ratio of sine of angle of incidence 
to sine of angle of refraction. 

Value ot li for air to water 133 : 100 ; to vitreoas humour 
136 ; loo; to aqaeoua humour I33'8 : loo; for water to lena 
r4s ; 100. 

32. PHYSICAL PBOPERTIES OP SOUND. 

Loudness depends on amplitude of vibrations. 

PiTCH dependa on frequency of vibrations {or number per 
second). 

Tlmkbc ("quality "} 'depends on the overtones or harmonics 
which accompany the ground-tone or fondamental note. 

Bange of audible sounds from 32 to 73,000 per second. 

Conduction of sound beat by nniform elastic solids, nert by 
uniform liquids, next by air. Most interrupted by heterogenoaa 
combination of solids and liquids, or by layers of aolids with air 
or water hetweeo. 



92 APPENDIX OF NOTES AND TABLES. 



33. SEGMENTATION OF OVUM. 

i. HoLOBLASTic : complete, with no separate vitellus or 
yelksac. 

(i.) Regularly symmetrical ihroughout ovum : 

Most sponges and polyps. 
Ascaris and some other worms. 
Most Echinodermi. 
Some lower Crustacea. 
Podura among Insects. 
Chiton among Mollusks. 
Amphioxjs among Vertebrates. 

(2.) More or less unsymmetrical : 

Rabbit and probably other placental Mammals (very 

nearly regular). 
Frog and other Amphibia and Ganoid fishes. 
Most MoUusca, &c. 

ii. Meroblastic : incomplete : with separate vitellus and yelk- 
sac : 

Birds and reptiles.* 

Sharks and rays. 

Osseous fishes. 

Cephalopoda ) yelk differentiated from germ 

Most arthropoda ) only after impregnation. 

iii. Centrolecithal : with vitellus in centre of blastoderm 
separate but not inclosed in an external yelksac. 

(i.) With regular complete segmentation : 
Certain Crustacea, as Pagurus. 

(2.) with unequal segmentation : 

Certain Crustacea, as Gammarus. 

(3.) With surface segmentation and very large yelk : 
Many insects, as Aphis. 

* Mr. Caldwell reports, Sept. 1884, that the Monotremata alone among 
mammals lay a meroblastic ovum. 



APPENDIX OF NOTES AND TABLES, 93 



34. CHRONOLOGY OP THE EMBRYO CHICK. 

The First day of Incubation. 

I — 12 Hypoblast formed completely, 
hours. Mesoblast. 

Primitive streak and groove. 

12 — 24 Head-fold. 

hours. Medullary or neural groove. 

Notochord and protovertebrsB. 

Mesoblast splits to form the coelom. 

Amnion begins to form. 

Area vasculosa. 

Second day. 

I — 12 Medullary or neural canal, 
hours. Cerebral vesicle, I. Head-fold. 

Tubular heart. 

Wolfian duct begins to appear. 
12 — 24 Cerebral vesicles, II. and III. Eye and ear sacs, 
hours. First circulation. Tail-fold. 

Amnion completed. 

Third day. 

Embryo turns on to left side. 
Cranial flexure. 
Visceral clefts and arches. 

Lens and eye-cup. Fore and hind gut. Lungs 
and liver. 

FouHh day. 

The invaginated mouth or stomodoeum opens into 

the fore-gut. 
The allantois is formed. 
The septum of the ventricles appears. 
The limbs begin to appear. 
The Wolffian body. 
Miiller's duct. 
Ova can be distinguished in the ovary. 
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Fijth day. 

Allantois rapidly increases in size, becomeB v 

lar, and filled with fluid. 
Pirfit and second circulations together ; ye] 

and allantoia both aerating. 
Limbs distingnisbable into segments. 
Cartilaginous endoskeletun. 
Anus opened. 
Auricular septum. 
Liquor amnii appears. I 

Sixth day. 



Albumen diminishing ; vitellas iacreaaing. 

Seoenth day. 

Amniotic contractions observed. 
Primitive circulation replaced by second or 

Chest walls consolidating. 

Eigfilh to Fourteenth days. 

First points of ossification. 
Homy beak begins to appear. 
Yelk-sac diminishes. 

Abdominal wall completed by the eleventh day. 
AUantoia inveata the whole embryo, and its (um- 
bilical) arteries rapidly increase in size. 
Feathers growing in their saca (loth — i8th days). 

Fifieentli to Twentieth days. 

Chick moves from lying croBsways to a lengtii- 

-wise position (14th day). 
Umbilical vesicle or yelk-sac withdrawn into the 

abdomen, and umbilicus closed. 
Air chamber at broad end of shell increases. 
Chick hatched at end of three weeks' incnbation. 



35. CHBOWOLOGY OP THE HUMAN FtETUS. 

3nth, 1st and 2nd week — Neural groove and notochord. 

Splitting of mesoblast. v- 

Formatioa of amnion. ir' 

Appearance of tabular teart. •'' 

Primitive or vitelline cirooJation. v^ 
3rd wetk — Protovertebrffi. 

Visceral cleffca and arches. 

Allantois appears. V 

Cerebral vesicleB. t/ 

Wolffian body. / 

4th week — Limbs ahow as buds. ■/ 

Septum ventricuiorum begins. 

Lnnga appear as diverticula from tlie fore-gut. \ 
U, month, 5th week — Aorta formed. / 

Duct of Miiller. 

Vascular allantois. » 

Clavicle and mandible begin to ossify. V 
6th week — Visceral clefts disappear. 

Umbihcal sac attaina ita full growth, y 

Muscles diatiuguishable. v' 

7th week— Germa of teetti appear. 

Osaification of bones of face and limbs, v 
8th week — Septum auriculorum begins. 

Lena formed from epiblast. 

Adrenals appear. 

Elbow and knee distinguishable, Y 
m. month— Fcetal placenta begina to form. / 

Sex of foetus diatingnialiablB. • 

Pisaiire of Sjlriua appears. y 

IV. „ Adipose tissue takes the pli 

connective. r^ 

V. ,1 Hair covers the scalp. ^ 

VI. „ Nails appear. i^ 

Cerebrum grows backwards o' 

Cerebral convolutiona begin to form, v" 
Osaific points rapidly laid down. \^ 

Descent of the testes into the scrotum. 



! of embryo'iio 



r cerebellum 



/ 



VII. 

vin. 
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3e. GENEEAL STATISTICS OF THE HtTMAN 
BODY, 

Op its Pbincipal Constituents and oi' the Visckba, 
Average weiglit of an. adult man, standing 5ft 8in. anJ 35 
jears old, may be taken at 150 pounds, or at 695 kilogrammes 
(nearly 1 1 stone or 154 Iba.) A man standing 5ft. 6in. should 
weigh about 10 stone or 140 lbs.; one of jfL. jin. 14; lbs.; a 
ebon: man of 5ft. lia. should weigh 120 lbs., and a, tail one of 
6ft., 170 lbs. 

Weight of a woman of 30, standing 5ft. 2in., should be about 
120 lbs., or 55 kilos. 

Weight of new-born child — male, 6 — 7 lbs., or abont 3000 
grammeB ; female, somewhat less. (Note.^The average weight 
of the still-born fostus at full time is greater than, that of 
children born alive.) 

Weight of child one year old, about 30 lbs., or above la kilos. 
„ 4 years old, 33'5 — 35 lbs. 

10 .. SO — 5S .. 

16 „ 95 — 100 „ 

A man of ten stone, and 5ft. Sin. high, shcnld have a chest 
girth of somewhat over a yard, 37 or 38 inches. A short man 
of 5ft. lin. should have 34in. girth ; and a tall one of 6ft., 40 or 
4iin., i.e., somewbat over a metre. 
Wafe,: 
Water makes up nearly Qolbs. of the total weight of the body, 
i.e. — about two-thirds altogether: or three-fourths, excluding 
the bones. In the new-bom. child it constitutes about 65 per 
cent, 
la the several parts of the body there is present of water ; — 

In the Vitreous humonr g8 per cent. 

Serum 95 

Blood, about 80 „ 

Brain and Muscles, about ... 75^77 n 

Spinal cord 70 „ 

Liver 70 

OartQage and elastic tissue ... 50 

Bone 15-20 

Enamel o 



Salts. 

The mineral Salts perT^e all the liquids and tiaaaes, but in 
BmtiU quantities, except in the bones. 

In aerum, wine and the other liquids, sodio chloride is by far 
the moat abundant salt ; next, sodic carbonates and phosphates ; 
then, earthy phosphates aad alkalino sulphates. 

In the muscles, blood corpuscles and soft parts generally, 
potash salts and phosphates are more abundant. 

In the bonen, after removing water aud fatty matter, a third 
by weight consists of animal matter, chiefly collagen, which 
yields gelatin on boiling : 34 per cent. More than half is 
bone-earth, CaaaPO^ : 51 per cent. About a tenth is chalk, 
CaCOj ; 1 1 per cent. Calcic Fluoride makes up nearly two 
per cent. Magnesium phosphate rather more than one per cent,, 
and there are only traces of chlorides and sulphates. 



Fatty CoiiBtituents. 

The amount of Fat varies greatly within the hmita of health. 
Uore abundant in infancy than in adnlt life, in women than iu 
men. Usually least so between 10 and 20 in males, hetween 10 
and 16 in females. Most abundant under 5 and over 50. 

For aman of 35, weighing isolbs., about 281be. has been given 
as a normal amount of adipose tissue, i.e. about 18 per cent. ; 
for a woman, 25 per cent ; and for a growing lad, about 12 per 



In Adipose tissue itself there is Sz'S per cent of 


YeUow marrow... 


9S 


Brain 






Telltofegg ... 


12 




Milk 


4-5 




Hair (from the sebum 


4 




Muscle 


,- 3—4 




Iiivet 


as much or more 




Bono 


I or less 




Blood 


■5 
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The several Orguns. 

Of the I solba. weight of the body — 

The Skeleton weighB ^jlbs., or about i6 p. o. 

Muscles {with tendona and fascit8)6s—7olb8. or nearly half. 

Adipohe tissde 25 — 3olba.ori5 — 20p.o. 

Skuj, haie, &c lolbs. 

The Blood which runa off during an autopsy is not more than 
five or sii pints; but probably nearly as much remains in the 
tissues. The total amount of blood in the Ijody has been 
reckoned at lalbs., or nearly a twelfth. 

The entire Bbaik in men moat often weighs between 46 and 
52 oz. The average weight has been found in 560 male brains 
to be 48 oz., in another set of 62 tobe49'S Oz., and in a third of 
700 to be 477 oz. 

An adult woman's brain usually weighs between 42 and46oz- 
Among 347, the average was found to be 43 oz., and in 760 
other examples it was also 43. 

The above figures apply to European brains. The average 
weight of the brain is less in the Negro, and somewhat greater 
among the Chinese. 

The brain of a new-born child weighs as much as 10 oz. in a 
girl, and 1 1 oz. or more in a boy. At seven years old it has 
attained very nearly its full sine. 

The LiVEU weighs from 55 to 60 oz, in an adult man ; from 
45 to JO in a woman. 

The male Heirt weighs 10 or 105 oz., the female heart 9 to 



The two Kidneys weigh from 9 to i o ok. 

The PiHcaBiis weigba about 3 oz., hnt varies much without 
being atrophied or diseased. 

The Spleen varies still more in weight: 6 — 10 oz. inolude the 
most common weights between the age of 20 and 40. After 45, 
like other lymphatic organs, it wastes. 



APPENDIX OF NOTES AND TABLES. 99 



37. BBITISn WEIGHTS AND MEASURES. 

20 grains = one Scruple. 

= half-a-draclim. 

= one Drachm. 

= half-an-ounce. 

= one Ounce (Avoirdupois) of the 

British Pharmacopoeia. 
= two ounces. 

= four ounces or a quarter pound. 
= eight ounces or half-a-pound. 
= sixteen ounces or one Pound. 
= one Pound-and-a-half. 
= one Pint of water. 
= one Gallon of water. 



30 




60 




219 




437*5 




875 




1750 




3500 




7CXX) 




10,500 




8,750 




70,000 





14 pounds = I Stone. 
112 „ =8 stone = i Owt. 
2240 „ = 20 cwt. = I Ton. 



12 lines =1 Inch, i.e., ^o.\a9 of a pendulum 

beating seconds. 

12 inches = i Foot. 

36 „ = 3 feet = one Yard. 

1760 yards or 5280 feet = i Mile. 



i minim 



1*5 »» 
60 „ 



= a drop of proof spirit or tincture. 



= '9 grain of water. 

= I drop of water. 

= I drop of castor-oil. 

= I fluid drachm or small teaspoonfol. 

3 fluid drachms = i small dessertspoonful. 

4 „ = I small tablespoonful or half-an-onnce 
8 „ =1 fluid ounce or 437*5 grains of water. 

H 2 
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I flnid ounces = half a pint. 
I „ =1 poimd ot water. 

• „ =1 pint = 3if5 cable in. = ris'l*. water. 

I „ =2 pints = I quart. 

I „ =8 pints = 4 qnarts = i gallon = lo 

lbs. or 70/500 gr. of water. 



4 cubic inches of water weigh nearly 1000 grains. 
100 „ „ „ 25,003 

100 „ of CO, weigh 47, of air 31, and of H only 2 gra. 

3S. CENTIGRADE WEIGHTS AND MEASUBES. 



I gramme or gran' 


= one c. c. of water at 4° 


C. (39'2= 


lo grams 


= I decagramme. 
= 1 hectogramme. 
= I kdogramme. 




tV of a gram ... 


= I decigramme. 




Th ., 


= I centigramme. 
= I miUigrairime. 




I metre or meter. 


= vatirt'ijTioT! of a great m 


ridiaa ( 






790). 


1000 meters 


= I kilometre. 




.j^ of a meter... 




tSo 


= r centimetre or o-oi m 






= I millimetre or o-ool m 




^^ of a millimeter 


= I micromillimeter [jl.) 




I cubic centimeter 


millilitre of water weighs 


I gram. 


1000 c. c. = 


1 litre = I kilogram of water. 



0. COMPARISON OF BRITISH AND CENTI 
GRADE WEIGHTS AND MEASURES. 



= 1 decigramme. 
~ '324 of a gramme. 
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lOI 



lo grains 


• • • 


= -648 of 


a gramme. 


15-432 „ 


• • • 


• • • 


= I gramme ( 


= nearly I5igr.) 


31 


• • • 


• • • 


= 2 grammes (nearly). 


60 


or I drachm 


= 377 


j> 




120 


or 2 drachms 


- 7*5 


» 




180 „ 


or 3 


ti 


= II 


$f 




240 gr. or 4 


dr. or i oz... 


- H' 


9> 




8 dr. or I 


oz. ... 


• • • 


= 28-3495,, 




2 oz. ... 


• • • 


• • • 


= 567 


»> 




3 » 


• • • 


• • • 


= 85- 


99 




1550 grains or 3I oz. 


• • • 


— loogms.ori 


hectogm. (nearly) . 


40Z. or :ilb. ... 


• • • 


= ii3'4 „ 


1 




7 » 


• • • 


• • • 


= 200 or 2 hectogrammes. 


8 „ ori 


lb. ... 


• • • 


= 227 grammes (nearly). 


JO „ 


• • • 


• • • 


= 283-5 


»> 




12 „ 


• • • 


• • • 


- 340 


» 




14 „ 


• • • 


• • • 


= 400 


» 




16 „ or I 


lb. or 7000 gr. 


= 453*59 


>» 




ijlb. ... 


• • • 


• • • 


= 680 


>» 




2 lbs. ... 


• • • 


• • • 


= 907 


»9 




2*2 „ or I 


5,500 grs. 


• • • 


= 1000 


» 


or I kilogramme. 


3 » • • • 


• • • 


• • • 


= 1360 


f» 




4 t, ... 


• • • 


• • • 


= 1814 


» 




99 ... 


• • • 


• • • 


= 2721 


99 




J, 


• • • 


• •• 


= 3628 


>» 




II „ ... 


• •• 


• • • 


= 5000 


»9 


or 5 kilograms. 


15 91 ••• 


• • • 


• • • 


= 6800 


9> 




18 „ ... 


• • • 


• • • 


-8163 


>9 




22 „ 


• • • 


■ • • 


= 10 kilogri 


ims. 


44 » ••• 


t • • 


• « • 


= 20 


99 




00 j9 ... 


• • • 


• • • 


= 30 


99 




00 jy ... 


• • • 


• • • 


= 40 


99 




IIO „ ... 


• • • 


• • • 


= 50 


99 




112 „ or 1 


[ cwt. 


• • « 


= 51 


99 


(nearly). 


154 „ or II stone 


• •• 


= 70 


99 


99 


20 cwt. or 


I ton 


t • • 


= 1000 


99 


99 



102 



APPENDIX OF NOTES AND TABLES. 



1 millimeter 

2 millimeters 



j> 



I centimeter 
2*54 centimeters 



» 



I decimeter 
30*5 centimeters 
61 „ 

I meter 



» 



I decameter 
I kilometer 
1*609 kilometer 
8 kilometers 



^ inch or '039 in. 
I line (nearly) 'oS in. 

^ inch. 

J. 
s 



= I 



9> 



» 



40 
100, 



tf 



2 inches. 

3*937 (nearly 4) inches. 

1 foot. 

2 feet. 
I yard, 

39*37079 inches or f|. 
I'l yard nearly. 
II yards. 
1093 »» = '62138 mile. 
I mile. 
5 miles. 

25 
62 

100 






1 cubic centimeter or 

gram of water 

2 cubic centimeters 



4 
7*5 

14 
28-4 

100 

284 

568 

1000 c. c. or I litre 
1 136 c. c. or I'l litre 
4544 c. c. or 4^ litres 



t9 



16 minims. 

32 ,. 
I fluid drachm (nearly). 



>9 



2 

4 

I fluid ounce. 

3I fluid ounces. 
10 oz. or J pint. 
I pint = 34*5 cubic inches. 
176 pints. 
I quart. 

I gallon or 8 pints or 10 lbs. 
of water. 



To convert the expression for the strength of a solution in 
terms of grammes to the litre into terms of grains to a pint 
(approximately), multiply by 9. 
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40. EQUIVALENT FAHBENHEIT AND 
CENTIGRADE SCALES. 

Fahr. Cent. 

212^ corresponds with 100° 



203° 


» 




95° 


194° 


» 




90° 


185° 


» 




85° 


176° 


»t 




80° 


167° 


>» 




75° 


158° 


>» 




70° 


149° 


>> 




65° 


140° 


» 




60° 


131° 


«> 




55° 


122° 


» 




50° 


113° 


t» 




45° 


111*2° 


91 




44° 


109*4° 


J> 




43° 


107*6° 


» 




42° 


105*8° 


>l 




41° 


104° 


»> 




40° 


I02*2° 


>9 




39° 


ioo*4° 


ti 




38° 


98*6° 


11 




37° 


96*8° 


>» 




36° 


95° ■ 


)> 




35° 


86° 


» 




30° 


« 770 


» 




25° 


68° 


» 




20'=' 


59° 


9) 




15° 


50° 


99 




10° 


41° 


99 




5' 


32° 


9» 


99 


0° 



5° C. = 9° F. 

To turn C. into F. X 9 -i- S + 32. 

To turn F. to C - 32 x 5 -J- 9. 



41. SOME OF THE MOBE IMPOETAHT NAMES 

AND DATES IN THE HISTORY OF 

PHYSIOLOGY, AEBANGED UNDER HEADS. 

I. AsAioaT. 

Akihtotbi:Bb. Bom at Stagira, s.c, 384, died at ChaJcis, mt. 62. 

Be animaUbus Meioria. Be partihug animaUum. Be 

generatione. De anivtaliiim. incessu. 
Hbrophilbs. ) , . , 

Eu.nouT».. i "■"■ J""*"- ■""""l™- 
Ol. Galenas, a.d. 130-200. Home. Wrote in Greek. 
MoNSiNi dissected at Bologoo,, 1315. 
Vbsalics. 1514-1564. Fleming, Physiciaa to Charles V. 

The restorer of Anatomy. Prof, at Padua. 
Sesveths (burned 1553). Spaniard. Diecovered the pulmonary 

circulation, 
Columbus. Ob. 1559. Borne. 
FAiiOPma. Ob. 1562. Padua. 
EnsTiCHios. Ob. 1574. Rome. Tahulce aimtowiew, 
Ingrassias. Oh. 1580. Naplea. Discovered the stapes. 
Aeajstitjs. Ob. 1 589. Bologna. 
C«»iLPiNU9. Ob. 1603. Padua. 
Fabbicits ab AquapeDdentfl. i537-i(3i9. Padua. Discovered 

valves in veins. 
Varolibb. 1533. Described the brain. 
Spigeubs. 1582. Padua. Be hum. corp.fair. 
E10LAKU8. 1580-1657. College de France. 
Haevet. 1 578-1657- Proved the muscular structure and 

active contraction of the heart. 
AsBLLics. Ob. 1626. Pavia. Discovered the lacteals, 1622, 
Babtholibus (Thomas). 1615-1680. Dane. Discovered the 

thoracic duet, 1652, in a man. 
PjtcquET. Dieppe. Discovered the thoracic duct indepen- 
dently, 1651, ift a dog. 
Glisboh. 1596-1677. Anatomia Sepatit, 1659. 
BoB£i.Li- 160S-1679. Naples. Mascles and tbeir action. 
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Willis. 1632-75. Cerebri Anatoine, 1664. 

Stemo. 1638-87. Dane. De MuscuUb et OU/mdalis. 1664. 

Peibr. Schaffhaiisen. De gUnid'ulis inteBtinorum, 1665. 

Hayeks. Oiioologia. nova, 1691. 

Bellini. 1643-J703. Pisa. De g(r«c(ura ei mbi* re»M*i», 1677. 

VixsALVA. 1666-1723. Bologna,. 

Albihus. 1697-1770. Leyden. ffisioria Afuacitiorum, i734- 

WiNSLOW. Exposition anat. dii corps humain, 1733- 

Wm. Hunter. 1718-1783. 

John Huntbb. 1733-1793- 

ScAEPA. 1747-1S3Z. Pavia. Anat.Artnot. 1779. 

CRtriKSHANK. 1745-1800. Anatomy of aheorbing vessels. 1786. 

SosutEHlNa. 1755-1830. Munich. De corporis humami 

fabrica. 1794. 
AsTLEi Cooper. 1769-1841. Anatomy of Thymus, of Mamma, 

of Testis, o£ Hernia. 
GooBSiR. 1814-67. Edinburgh. 

CsTJVEiLHiEH. 1789-74. Troiti d' Anatomie deecripiive, 1862- 
Henle. Gottiugen. Handbuek der syet. Anat. 1855-71. 

Tex/books. — Quain's " Anatomy," 9th ed., z vole. Ward's 
"Osteology." Ellis's " DemoustratioEH of Anatomy." Hni- 
ley'a " Anatomy o£ VerteLrated Animals." Flower's "Osteo- 
logy of Mammalia." 

II. Histology. 

Mauighi. 1628-94. Bologna. 

Lbuuwenhoeck. 1633-1723. Holland. F.R.S. 

SwAMMBRDAM. 1637-85. Holland. 

HooKE. 1635-1703. Sec. R.S. Micrographia, 1667. 

Grew. 1628-1711. Curator K.S. Anatomy of Plants. 



BriBCK. 1638-1731. Holland. Anatomical Museum of i 
JBCt«d preparations. 

BicHAT. 1770-1802. Paris. Analomie Oenerale. 



Schwann. 1810-B2. Lii^ge. Microscopical Eesearches, 1839, 
Bowman. On muscle, 1840. On the tidney, 1842. 
VntCMOW. Berlin. CeUular Pathology, 1858. 
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Hax Schcltze. Ob. 1873. Bonn. 

Shabpst. Oh. iBBo, set, 78. University College. 

Bbale, King's College. 

Bamvoie. Coll&ge de France. 

reiifroots.— Sharpey, by Schater, in Qnain's "Anatomy." 
Klein's " Eleraenta of Histology." Articlea by Mas Schultze, 
Pfliiger, Hering, Lndwig, Waldeyer, and Bngebnann, in 
Strieker's "Textbook of Histology" (Sydeuhara Soc. TransL 
2 Tola.) 

III. Phisio LOGICAL Chemistbt. 

BoiTLE, 1627-1691. 
MiYow. 1645-1679. De epiiilu 
Black. 1728-99. Edinburgh. 
Cavendish. 1731-1810. 
Scji££LE. 1742-86. Sweden. 
Pbibstlbi. 1733-1804. Binninghai 
Lavoisieb. 1743-1794. Guillotined 



(oxygen.) 



1 tlie Reign of Terror, 



Daltob. 1767-1S44. Manchester. Author of the atomic theory, 

~ 1 765-1828. 

Datt. 1 778-1829. 

Berzeuts. 1779-1848. Sweden. 

Marcet. 1770-1822. 

Gay-Lhssac. 1778-1850. 

pROUT. 17S6-1850. 

CiiBTSETJn.. Not. 1786. 

WoHLER, 1802-1882. Gottingen. Made Urea, 18; 

LiBBio. 1803-73. Gieaaen, Munich. 

Dumas. 1800-83. Paris. 

MrLDER. 1803-77. Utreeht. 

Graham. 1805-69. 

GoLDiNG Bird. 1814-1854. 

Berthelot. Nat. 1827. College de France. 

Gbrhasdt 1816-56 and Laurent, 1807-53. 

J. F. Simon. Berlin. Textbook. 1842. 

Gmelis. Gottingen. Textbook. 1852. 

Lehuann. Leipzig, Textbook. 1859. 

Gorcp-Besasbz. 1817-7S. Erlangen. Textbook. 
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■WcRTZ. Oh. 1884. Paris. 

HopPE Sbyleh. StrasaburK- Textbook, i 

KuHNE. Heidelberg. Testbook. 1868. 

PiBKBa. Ob. 1876, Netky. 

LiEBKEiCH. Berlin. 

Paty. 

GiLBEKT and Lawes. Bothampatead. 

Textbooks. — Gamjjee's "Physiological Chemifltry of the Animal 
Body." Lea's Appendix to " Foster'a Textbook of Physiology." 
Charlea'a " Physiological and Pathological Ohemistry." 

IV. Gesebal Physiology. 

Th-e Fliyeical Apparaiiie of Digestion, Circulation, Begpiration, 
and Secretion. 

Harvey. 1578-1557. Be Matu Oordie et Sanguinis. 1628. 
Malpighi. 1628-94. Bologna, Demonstrated the capillary 

circulation. 
liOWRK. 1631-91. De corde. i66g. 
Matow. 1645-79. De respiratione. 1673. 



Hales. 1677-1761. Eect<ir of Farriiigdon. Hcemagtatiee. 1733- 
Halleb. 1708-1777. Gottingen. Elcme^ita Fhydoloi/iiE. 1757. 
EfiAiTMirB. 1683-1757. Paris. Experiments on Digestion. 
John Httbtek. 1728-1793. Treatise on the Blood. 
Hbwboh. 1739-1774. Experimental inqniry into the projwr- 

ties of the Blood. 1771. 
Sfallankani. 1729-1799. Kaplea. Experiments on digestion 

and respiration. 

Magehdie. 1783-1855. CoUSge de France. 

Beaumont. 1825-83. U.S.A. Observations on St. Martin. 






Johannes Muller. 1801-1858. Berlin. Treatise on Glands. 
E.H. Weber. 0^.1878. Leipzig. 

VoLKMANN. 1801-1877. Monograph on the Circnlation, 
ScHTANX. 1810-1882. Li^ge. Digestion, ari^ries, &c 



Bbrkass. 1B13-1878. College de IVance. Glycogen, Vaso- 

motoT nerves. Pancreas. 
Lddwig. Leipzig. Kymograph, Chorda Tympani, &o. 
Bbuckb. Vienna. Digestion. 
Traubb, Ob. 1878. Berlin. Circolation. 
CzEBMAK. Ub. 1873. Frag. Laryngoscope. 
Pn-iJGEH. Bonn. Secretion. 
FiCK. Wiirzhurg. Circnlation. 
Chacvbau. Lyona. Circulation. 
Mahby. GollSge de France. Spring aphygmograph. 
Heuieshajij. Breslau. Secretion. 

Teatboohe. — Foet«r's '' Teitbook of Physiology," 4th ed. 
Hermann'a " Testboot of Hnman Physiology," translated by 
Gamgee. Teo's " Manual of Physiology." 

V. The Nehvobs Stsiem and the Sekses. 
Willis. 1622-75. Brain. Eeftei action. 

PttOCHASKA. 1749-1820. Prague. Eeflex action. 

Young. 1773-1829, Senses. 

Bell. 1774-1842. Nerves. 

MiGESDiB. 1783-1S55. College de France. Nerves. 

Flourens. 1794-1867. Brain. 

MARSHALL H.«.LL. 1790-18S7. Rtifles action. 

JoHANBEs MtiLLEE. 1801-3S. Berlin. Nerves, aenses. 



Du Bois-Betmond. Berlin. Nerves. 

Bebsasd. College de France. Nerves. 

WAiiBB. Oh. 1870. Nerves. 

Ebown SEqUABB. Paris. Nerves. 

Don DEBS. Utrecht. Nerves. 

Hel«uoltz. Berlin. Eye and Ear. Ophthalmoscope. 

Pflugee. Bonn. Nerves. 

Heemann. Ziirich. Nerves. 

Feerier. King's College. Brain. 

GoLTZ. Strasshnrg. Brain. 

Beside the account of tbe Nervous System and Sen: 
Foster's and Hermann's Textbooks, may be mentionad Bern- 
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Btein'a" Five SeiieeB of Man," Bain's "Senses and Intellect,'' 
Eemholtz's "Tonempiiniiiuigen," and the articles in Her- 
mann's " Handbncli," vole. ii. and iii. 



VI. Ebproductios and Development. 
Aristotle. b,c. 333. 



FABtticroa ab Aquapendente. Se formatiune Ovi et Fulli. 

1621. Fadua. 
Habvey. Excrcitafi'mes de Qeaeratione Animalium. 1651. 
Hekdham. Deformato ftBtu. 1668. 
Malpighi. De fornuUione puUi. Bologna. 1 673. 
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